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Description 

Background of the Invention 

5 [0001] This invention disclosed herein was made in part with Government support under N\H Grants No. DK47650 
and CA5B1 92 from the Department of l-ieatth and HUman Services. Accordingly, the U.S. Goverrunent has certain rights 
in this invention. 

[0002] TTtroughout this application various references are referred to within parentheses. 

[0003] Full bibliographic citation for these references may be found at the end of of each series of experiments. 
10 [0004] Prostate cancer is among the most significant medical problems in the United States, as the disease is now 

ttie most common malignancy diagnosed In American males. In 1992 there were over 132.000 new cases of prostate 

cancer detected with over 36,000 deaths attributable to the disease, representing a 17.3% increase over 4 yeare (2). 

Rve year sun/ival rates for patients with prostate cancer range from 88% for those with localized disease to 29% for 

those with metastatic disease. The rapid increase in the number of cases appeare to resuR in part from an Increase 
15 disease awareness as well as the widespread use of clinical markers such as the secreted proteins prostate-speciTK 

antigen (PSA) and prostatic acid phosphatase (PAP) (37). 

[0005] The prostate gland is a site of significant pathology affected by conditions such as benign growth (BPH), 
neoplasia (prostatic cancer) and infection (prostatitis). Prostate cancer represents the second leading cause of death 
from, cancer in man (1). IHowever prostatic cancer is the leading site for cancer development ^ men. The difference 
so between these two facts relates to prostatic cancer occurring «nth Increasing frequency as men age. espedaliy in the 
ages beyond 60 at a time when death from other factors often intervenes. Also, the spectrum of biologic aggressiveness 
of prostatic cancer is great, so that in some men following detection the tumor remains a latent histologic tumor and 
does not become clinically significant, whereas in other it progresses rapidly, metastasizes and kills the man In a retatively 
short 2S year period (1 , 3). 

ss [0006] In prostate cancer cells, two specific proteins theA are made In very high concentrations are prostatic acid 
phosphatase (PAP) and prostate specific antigen (PSA) (4, 5, 6). These proteins have been charecterized and have 
been used to follow re^onse to therapy. With the development of cancer, the normal architecture of the gland becomes 
altered. Including loss of the normal duct structure for the removal of secretions and thus the secretions reach the serum, 
indeed measurement of serum PSA is suggested as a potential screening method for prostatic cancer. Indeed, the 

30 relative amount of PSA and/or PAP in the cancer reduces as compared to nonnal or benign tissue. 

[0007] PAP was one of the eerilest serum markere for detecting metastatic spread (4). PAP hydrolyses tyrosine 
phosphate and has a broad substrate specificity. Tyrosine phosphorylation is often increased with oncogenic transfor- 
mation. K has been hypothesized that during neoplastic transformation there Is less phosphertase acth/lty available to 
inactivate proteins that are activated by phosphorylation on tyrosine residues, in some instemces, insertion of phos- 

35 phatases that have tyrosine phosphatase activity has reversed the malignant phenotype. 

[0008] PSA is a protease and it is not readily appreciated how loss of its activity correlates with cancer development 
(5, 6). The proteolytic activity of PSA is inhibited by zinc. Zinc concentrations are high in the nomial prostate and reduced 
in prostatic cancer. Possibly the loss of zinc allows for increased proteolytk: activity by PSA. As proteases are Involved 
in metastasis and some proteases stimulate mitotic activity, the potentially increased activity of PSA could be hypothesized 

40 to play a role in the tumors metastases and spread (7). 

[0009] Both PSA and PAP are found In prostatic secretions. Both appear to be dependent on the presence of androgens 
for their production and are substantially reduced following androgen deprivation. 

[0010] Prostate-specific membrane antigen (PSM) which appears to be localized to the prostatic membrane has been 
identified. This antigen was identified as the result of generating monoclonal antibodies b> a prostate cancer cell. LNCaP 
•«* (8). 

[001 1] Dr. Horoszewicz established a cell line designated UMCaP from the lymph node of a homone refractory, heavily 
pretreated patient (9). This line was found to have an aneuploid human male karyotype. It maintained prostatic differ- 
entiation functionality in that it produced both PSA and PAP. It possessed an androgen receptor of high affinity and 
specificity. Mice were immunized with i_NCaP cells and hybridomas were derived from sensitized animals. A monoctonal 

so antibody was derived and was designated 7E1 1 -C5 (B). The antibody staining was consistent with a membrane tocation 
and isolated fractions of LNCaP cell membranes exhibited a strongly positive reaction with immunoblotting and ELISA 
technkjues. This antibody did not inhibit or enhance the growth of UMCaP cells in vitro or in vivo. The antibody to this 
antigen was remaricably specific to prostatic eprtiiellal cells, as no reactivity was observed in any other component 
Immunohistochemical staining of cancerous epithefial cells was more intense than that of nonnal or benign epithelial cells. 

ss [0012] Dr. Horoszewicz also reported detection of immunoreactive material using 7E11-C5 In serum of prostaticcancer 
patients (B). The immunoreactivity was detectable in nearly 60% of patients with stage 0-2 disease and in a sfightly 
lower percentage of patients with earlier stage disease, but the numbers of patients in the latter group are small. Patients 
with benign prostatic hyperplasia (BPH) were negative. Patients with no apparent disease were negative, but 50-60% 
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of patients in remission yet with active stable disease or with progression demonstrated positive semm reactivity. Patients 
with non prostatic tumors did not show immunoreactivity with 7E1 1 -C5. 

[0013] The 7E11-CS monoclonal antibody is cunrentJy in clinical trials. The aldehyde groups of the antibody were 
oxidized and the linker-chelator glycol-tyrosyl- (n. E-diethylenetriamlne-pentacetic acid)-lysine (GYK-DTPA) was coupled 
to the reactive aldehydes of the heavy chain (1 0). The resulting antibody was designated CYT-356. Immunohistochemlcal 
staining patterns were similar except that the CYT-356 modified antibody stained skeletal muscle.. The comparison of 
CYT-356 with 7E1 1-CS monoclonal antibody suggested both had binding to type 2 musde fibers. The reason for the 
discrepancy with the earlier study, which reported skeletal muscle to be negative, was suggested to be due to differences 
in tissue fixation techniques. Still, the most intense and definite reaction was observed with prostatic epitheGal ceHs. 
especially cancerous cells. Reactivity with mouse skeletal musde was detected with Immunohislochemtetiy but not in 
Imaging studies. The Indium^i-labeled antibody localized to LNCaP tumors grown in nude mloe with en uptake of nearly 
30% of the injected dose per gram tumor at four days. In-vivo, no selective retention of the antibody was observed in 
antigen negative tumors such as PC-3 and DU-14S, or by skeletal muscle. 

[001 4) Very littie was known about the PSM antigen. An effort at purifteatlon and characterization has been described 
at meetings by Dr. George Wright and colleagues (11.12). These investigators have shown that following electrophoresis 
on acrylamide gets and Westem blotting, the PSM antigen maintains a molecular weight of 1 00 kikxtettons (kd). Chemical 
and enzymatic treatment showed that both the peptide and carbohydrate moieties of the PSM antigen are required for 
recognition by the 7E1 1 -C5 monoclonal antibody. Competitive binding studies witti specific lectins suggested that galNAc 
is the dominant cartaohydrate of the antigenk: epitope. 

[0015] The 1 0Okd glycoprotein unique to prostate cells and tissues was purified and characterized. The protein was 
digested proteolytically with trypsin and nine peptide fragments were sequenced. Using ttie technique of degenerate 
PGR (polymerase chain reaction), the hill-length 2.65 kilobase (kb) cDNA coding for this anfigen was doned. Preliminary 
results have revealed that tills antigen Is highly expressed in prostate cancer tissues, including bone and lymph node 
metastases (13). The entire DNA sequence for the cDNA as weU as ttie predided amino add sequence for the antigen 
was determined. Further charaderization of ttie PSM antigen is presentiy undenway in the appficants* laboratory induding: 
analysis of PSM gene expression in a wide variety of tissues, transf ection of ttie PSM gene into cells not expressing tiie 
antigen, chromosome localization of the PSM gene, doning of ttie genome PSM gene with analysis of ttie PSM promoter 
and generation of polydonal and monoclonal antttjodles against highly antlgente peptide demons of the PSM antigen, 
and identiTication of any endogenous PSM binding molecules (ligands). 

[0016] Currently. LNCaP cells provide the best in-vltro model system to study human prostate cancer, since they 
produce all tiiree prostatic bio-markers; PSA. PAP and PSM. The cells possess an aneuptoid male karyotype witti a Y 
chromosome, express a high aftintty androgen receptor, and are hormonally responsive to botti testosterone and DHT . 
Because PSM appears to be a transmembrane glycoprotein. It Is oonsWered an attradive target for both antibody- 
directed imaging and targeting of prostatic tumor deposits (38). We have demonstrated expresston of PSM protein in 
LNCaP cell membranes and in PC-3 cells transfeded with PSM cDNA and also ttie charaderization of PSM mRNA 
expression In human tissues, and in response to steroid honnones. 

Brief Descrlptton of Figures 

[0017] 

Hgure 1 : Signal in lane 2 represent ttie 1 0OkD PSM antigen. The EGFr was used as ttie positive conttol and 

is shown In lane 1 . Incubation with rabbit antimouse (RAM) antftjody atone served as negalhfe control 
and is shown in lane 3. 

Rgure 2 A-D: Upper two photos show LNCaP cytospins staining positively for PSM antigen. Lower left in DU-145 
and lower right is PC-3 cytospln, botti negative for PSM antigen expression. 

Rgure 3 A-0: Upper two panels are human prostate sedions (BPH) staining posithrely for PSM antigen. The lower 
two panels show invasive prostate carcinoma human sedions staining positively for expression of 
ttie PSM antigen. 

Figure 4: 1 0OkD PSM antigen following immunoprecipitatten of 35s-Methlonine labelled LNCaP cells with Cyt- 

356 antibody. 

Rgure 5- 3% agarose gels stained with Ettnldium bromide revealing PCR products obtained using ttie degen- 

erate PSM antigen primers. The arrow points to sample lN-20. which Is a 1 . 1 kb PCR produd which 
we later confimfied to be a partial cDNA coding for ttie PSM gene. 
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Rgure 6 A-B: 2% agarose gels of plesmid ONA resulting from TA dontng of PGR products. Inserts are excised 
from the PGR II vector (Invitrogen Corp.) by digestion with EcoRI. 1.1 kb PSM gene partial cDNA 
product is shown in lane 3 of geM . 

Rgure 7: Autoradiogram showing size of cDNA represented in applicants' LNCaP library using M-MLV reverse 

transcriptase. 

Rgure 8: Restriction analysis offull-length clones of PSM gene obtained after screening cDNA library. Samples 

have been cut with Not I and Sal I restriction enzymes to liberate the insert 

Rgure 9: Plasmid Southern autoradiogram of full length PSM gene clones. Size is approximately 2.7 kb. 

Rgure 10: Northern blot revealing PSM expression limited to LNCaP prostate cancer line and H26 Ras-trans- 

fected LNCaP cell line. PC-3. DU-145. T-24. SKRC-27, HELA. MCF-7. HL-60. and others were are 
all negatwe. 

Rgure 11: Autoradiogram of Northern analysis revealing expression of 2.8 kb PSM message unique to the 

LNCaP cell fine (lane 1 ), and absent from the OU-145 (lane 2) and PC-3 cell Bnes (lane 3). RNA size 
ladder is shown on the left (kb), and 288 and 1 BS nbosomal RNA bands are indtoated on the right 

Rgure 12 A-B: Results of PGR of human prostate tissues using PSM gene primers. Lanes are numbered from left 
to right. Lane 1 , LNCaP; Lane 2, H26; Lane 3, DU-145; Lane 4, Nomrial Prostate; Lane 5, BPH; Lane 
6. Prostate Cancer; Lane 7. BPH; Lane 8, Normal; Lane 9, BPH; Lane 10, BPH; Lane 1 1 . BPH; Lane 
1 2. Normal; Lane 1 3, Normal; Lane 1 4. Cancer. Lane IS. Cancer. Lane 1 G. Cancer; Lane 1 7, Normal; 
Lane 1 8, Cancer; Lane 1 9, IN-20 Control; Lane 20, PSM cONA 

Rgure 13: Isoelectric point of PSM antigen (non-glycosylated) 

Rgure 14:1-8 Secondary structure of PSM antigen 

Rgure 15:A-B A. Hydrophillcity plot of PSM antigen 



B. Prediction of membrane spanning segments 



35 Rgure 16:1-1 1 Homology with chicken, rat and human transferrin receptor sequence. 

Rgure 17A-C: Immunohistochemteal detection of PSM antigen expression In prostate cell lines. Top panel reveals 
unffomnly high level of expression In LNCaP cells; middle panel and lower panel are OU-145 and 
PC-3 cells respectively, both negative. 

40 

Rgure 13: Autoradiogram of protein gel revealing products of PSM coupled in-vitro transcription/translation. 

Non-glycosylated PSM polypeptide is seen at 84 kOa (lane 1) and PSM glycoprotein synthesized 
following tile addition of mk»osomes is seen at 100 kOa (lane 2). 



•45 Rgure 1 9: Western Blot analysis detecting PSM expression in transf acted non-PSM expressing PC-3 cells. 1 00 

kDa PSM glycoprotein species is clearly seen in LNGaP membranes (lane 1). LNCaP crude l^ate 
(lane 2), and PSM-transfected PC-3 cells (lane 4), but is undetectable In native PC-3 cells (lane 3). 



Rgure 20: Autoradiogram of ribonudease protection gel assaying for PSM mRNA expression in normal human 

tissues. Radiolabeled 1 kb DNA ladder (Gibco-BRL) is shown in lane 1. Undigested probe is 400 
nudeotides (lane 2), expected protected PSM band is 350 nudeotides. and tRNA control is shown 
(lane 3). A strong signal is seen in human prostate (lane 1 1), with very faint, but detectable signals 
seen in human brain (lane 4} and human salivary gland (lane 12). 



ss Rgure 21 : Autoradiogram of nlionudease protection gel assaying for PSM mRNA expression in LNCaP tumors 

grown in nude mice, and in human prostate tissues, ^^p^abeled 1 kb DNA ladder is shown in lane 
1. 298 nudeotMe undigested probe is shown (lane 2), and tRNA control is shown (lane 3). PSM 
mRNA expression is dearly detectable in LNCaP cells (lane 4), orthotopcally grown LNCaP tumors 
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in nude mice with and without matrigel (lanes 5 and 6). and subcutaneousJy Implanted and grown 
LNCaP tumors in nude mice (iane 7). PSM mRNA expression is also seen In nomiaJ human prostate 
(lane 8). and in a moderately differentiated human prostatic adenocaroinomB (lane 10). Very famt 
expression is seen in a sample of human prostate tissue with benign hyperplasia (lane 9). 

Rqure 22' Ribonudease protection assay for PSM expression in LNCaP cells treated with physiologic doses 

ofvarious steroids for24 hours. 32p-iabeledONAIadderisshowninlane1.298nucleotideundigested 
probe is shown (lane 2). and tRNA control is shown (lane 3) . PSM mRNA expression is highest in 
untreated LNCaP cells in charcoal-stripped media (lane 4). Applicant see significantly diminished 
PSM expression in LNCaP cells treated with DUT (lane 5). Testosterone (lane 6). Estradiol (lane 7). 
and Progesterone (lane 8), with little response to Dexamethasone (lane 9). 

Rguie 23: Data illustrating results of PSM DNA and RNA presence In transfect Dunning cell lines enrjploylng 

Southern and Northern btotflng techniques 

Rgure 24-A-B Fgure A Indicates the power of cytokine transfected cells to teach unmodified cells. Administration 
was directed to the parental flank or prostata cells. The results indkate the microenvironment con- 



Rgure B indteates actual potency at a partkailarsite. The tumor was mplanted In prostate cells and 
treated with immune cells at two different sites. 

Rgure 25-A-B Relates potency of cytokines In inhibiting growth of primary tumors. Animals administered un-modiRed 
parental tumor cells and administered as a vaccine transfected cells. Following prostatectomy of 
rodent tumor resuHs in survival Increase. 

Rgure 26- PCR amplification with nested primers Improved our level of detection of prostatic cells from approx- 

imately one prostaBe cell per 10,000 MCF-7 cells to better than one cell per minSon MCF-7 cells, 
using either PSA. 

Rgure 27- PCR amplification with nested primers Improved our level of detection of prostatic cells from approx- 

imately one prostatic cell per 10.000 MCF-7 cells to better than one cell per mfllten MCF-7 cells, 
using PSM-derived primers. 

Rgure 28- A representative ethidlum stained gel photograph for PSM- PCR. Samples run in lane A represent 

PCR products generated from the outer primers and samples in lanes labeled B are products of inner 
primer pairs. 

Rgure 29: PSM Southern blot autoradlograph. The sensitivity of the Souttiem blot analysis exceeded that of 

etiiWIum staining, as can be seen in several samples where ttie outer product is not visible on figure 
3 A-D. but is detectable by Southern blotting as shown in figure 4. 

Rgure 30: Characteristfcs of the 16 patients analyzed with respect to tiieircllntoal stage, treatment, serum PSA 

and PAP values, and results of assay. 

Summary of the Invention 

[0018] This Invention provides an isolated mammalian nucleic acid molecule encoding a mammanan prostate-specific 
membrane (PSM) antigen. The isolated mammalian nucleic add may be DNA. cDNA or RNA. 
[001 9] This Invention also provides nuclefe acid molecule selected from the group consisting of: 

(a) a nudeic acid which encodes a human prostate specific membrane antigen polypeptide having the sequence 

?W l°I^deic add°^?ng'the sequence set forth within SEQ ID NO:1 or a fragment thereof encoding an antigenic 
area to whtoh an antibody can be generated tinat is specific to human prostate spedfte membrane antigen having 
the sequence set forth in SEQ ID NO-.2: and 

(c) nucleic add having at least 1 5 consecutive nucleotides of the uence setforth in SEQ ID NO:1 . orthe complementary 
strand thereof. 
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[0020] The nucleic acid molecule may either be DMA or RNA. 

[0021] This invention further provides a method of detecting expression of the PSM antigen which comprises obtaining 
total mRNA from the cell and contacting the mRNA so obtained with a labelled PSM antigen speciTtc nucleic acid molecule 
under hybridizing conditions, determining the presence of mRNA hybridized to the probe, and thereby detecting the 
5 expression of the PSM antigen by the cell. The PSM antigen in tissue sections may be similarly detected. 

[0022] This invention provides isolated nucleic add molecule of PSM antigen operath/ely linked to a promoter of RNA 
transcription. This invention further provides a vector which comprises an isolated mammalian nucleic add molecule of 
PSM antigen. 

[0023] This invention also provides a nucleic add which encodes a human prostate specific manbrane antigen polypep- 

10 tide having the sequence set forth In SEQ ID NO:2. 

[0024] This invention further provides a vector which comprises the nudeic add molecule disclosed herein. 
[0025] This invention further provides a host vector system for the production of a polypeptide hav'mg the biological 
acthrity of a mammalian PSM antigen which comprises the vedor comprising the mammalian nucleic add molecule 
encoding a mammafian PSM antigen and a suitable host The suitable host for the expression of PSM antigen may be 

rs a bacterial cell, insect ceH. or mammalian cell. 

[0026] FurthenDore, this invention provides a mammalian cell which comprises the vedor disclosed herein. 
[0027] This invention provides a method for detennining whether a ligand. can bind to a mammalian PSM antigen 
which comprises contacting a mammalian cell having an isolated mammalian ONA molecule encoding a mammalian 
PSM antigen with the ligand under conditions pennitting binding of ligands to the mammalian PSM antigen, and deter- 
20 mining whether the Rgand binds to a mammalian PSM antigen. This Invention Yurther provides ligands which bind to 
PSM antigen. 

[0028] This invention provides purified mammalian PSM antigen. Thus, this Invention provides a polypeptide with the 
sequence of human prostate specific membrane antigen set forth in SEQ lO N02. 

[00291 This invention also provides a polypeptide encoded by the isolated mammalian nucleic add molecule encoding 
a mammalian PSM antigen. 

[0030] Accordingly, this invention provides a polypeptide with the sequence of human prostate specific membrane 
antigen set forth in SEQ ID NO:2 or an antigenic area which is a hydrophilic amino acid sequence of said human prostate 
specific membrane antigen, wherein the polypeptide can be used to generate antibodies that are spedfte to said human 
prostate specific membrane antigen, provided that the antigenic area does not consist of sequences set forth in SEQ 
30 ID NO:35. This invention further provides a method to identify and purify ligands of mammalian PSM antigen. 

[0031] This invention further provides a method to produce both polyclonal and monoclonal antibody using purified 
PSM antigens or polypeptides encoded by an isolated mammalian nucleic acid molecule encoding a mammalian PSM 
antigen. 

[0032] Accordingly, this invention provides a monoclonal antibody direded against human prostate spedfic membrane 

3S antigen, the sequence of which antigen is set forth in SEQ ID NO:2. 

[0033] This invention provides polyclonal and monoclonal antibody most likely but not limited to directed either to 
peptide Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID No. 35), or Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID No. 36) or Lys-Ser-Pro-Asp- 
Glu-Gly (SEQ ID No. 37) of the PSM antigen or to the outer membrane domain of the PSM antigen or to a hydrophilic 
amino acid sequence of the PSM antigen. The emtibodies of this invention are further characterized as being capable 

40 of binding to the surface of a prostate cancer cell. 

[0034] This invention provides a therapeutic agent comprising an antibody direded against a mammalian PSM antigen 
and a cytotoxic agent conjugated tfiensta 

[0035] This invention also provides a use of at least one antibody directed against PSM antigen for the preparation 
of a diagnostic composition for imaging prostate cancer in human patients, wherein said anb'body is capable of binding 
<s to a cell surface of the prostate cancer cell and labeled with an imaging agent under conditions so as to form a complex 
between the monoclonal antibody and the ceil surface PSM antigen. This invention further provides a composition 
comprising an effective imaging amount of the antibody directed against PSM antigen and a phanmaceutically acceptable 
carrier. 

[0036] This invention further provides a use of multiple antibodies directed towards different PSM epitopes for the 
so preparation of a diagnostic composition for imaging prostate cancer in human patients. 

[0037] This invention also provides a use of a labeled nudeic acid having at least 15 consecutive nucleotides of the 
sequence set forth In SEQ ID NO:i for the preparation of a diagnostic composition for detecting expression of PSM 
antigen in a cell or tissue section in a sample. 

[0038] This invention also provides a use of the monoclonal antibody or composition as disclosed herein for the 
55 preparation of a pharmaceutical composition for treating prostate cancer in a subject 

[0039] This invention provides an immunoassay for measuring the amount of the PSM antigen in a biotogicai sample, 
e.g. senim, comprising steps of a) contading the biological sample with at least one PSM antibody to form a conplex 
with said antibody and the PSM antigen, and b) measuring the annount of PSM antigen in said biological sample by 
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measuring the amount of said complex. 

[00401 This invention provides a method to purify mammanan PSM antigen comprising steps of: a) CoupDng the 
antibody directed against PSM antigen to a sofid matrix; b) incubating the coupled antibody of a) with a cefl lysate 
containing PSiVI antigen under the condition pemitiing binding of the antibody and PSM antigen; c) washing the coupled 
solid matrix to eliminate impurities and d) eluting the PSM antigen from the bound antibody. 

[0041 J This invention further provides transgenic nonhuman mBmrmnals which connprises an isolated nucleic acid mol- 
ecule of PSM antigen. This invention also provides a transgenic nonhuman mammal whose genome conprises antisense 
DNA complementary to DNA encoding a mammalian PSM antigen so placed as to be transcribed into antisense mRNA 
cornplementafy to mRNA encoding the PSM antigen and which hybridizes to mRNA encoding the PSM antigen thereby 
reducing its translation. 

[0042] This invention provides a use of a DNA molecule encoding a prostate specific membrane antigen operatlvely 
linked to prostate specific membrane antigen operativety linked to a S' regulatory element for ttw preparation of a 
pham-.aceutical composition for suppressing or modulating metastatic ability of prostate tumor cells, prostate tumor 
growrth or elimination of prostate tumor cells, wherein said pharmaceutical composition is introduced into a tumor cell 
or a subject in a way that expression of the prostate specific membrane antigen is under the control of the re^latoiy 
element, thereby suppressing ormodulating metastatic ability of prostate tumor cells, prostate tumor growth or elimination 
of prostate tumor ceils. 

[0043] This Invention provides a use of a DNA molecule encoding a prostate specific membrane antigen operatlvely 
linked to a 5' regulatory element coupled with a therapeutic DNA for the preparation of a pharmaceutical composition 
for suppressing or modulating metastatic ability of prostate tumor ceils, prostate tuimor growth or elimination of prostate 
tumor cells, wherein said pharmaceutical composition is introduced into a tumor cell of a subject, thereljy suppressing 
or modulating metastatic ability of prostate tumor cells, prostate tumor growth or elimination of prostate tumor cells. 
[0044] This Invention provides a therapeutic vaccine for preventing human prostate tumor growth or stimulation of 
prostate tumor cells in a subject Said therapeutic vaccine and a phanmaceutical acceptable canier can be administered 
in an effective amount to the prostate cell, thereby preventing the tumor growth or stimulation of tumor cells in the subject 
[0045] This invention provides a method of detecting hematogenous mfcrometastic tumor cells of a subject, comprising 
(A) perfomiing nested polymerase chain reaction (PCR) on blood, bone marrow, or lymph node samples of the subject 
using the prostate specific membrane antigen primers, and (B) verifying mlcrometastases by DNA sequencing and 
Southem analysis, thereby detecting hematogenous micrometastic tumor cells of the subject. 

[0046] This invention provides a use of a DNA molecule encoding prostate specific membrane antigen operat'n/ely 
linked to a 5" regulatory element for the preparation of a pharmaceutical awnposition for abrogating the mitogenlc 
response due to transferrin, wherein said pharmaceutical composition is introduced Into a tumor cell, the expression of 
which gene is dlrectiy associated with a defined pathologteal effect within a multicellular organism, thereby abrogating 
mitogen response due to transferrin. 

Detailed Description of the Invention 

[0047] Throughout this application, references to specific nucleotides are to nucleotides present on the coding steand 
of the nucleic acid. The following standard al*reviations are used ttirpughout the specification to Indicate specific 
nucleotides: 

Cscytosine A=adenosine 
Tsthymldine G=guanosine 

[0040] A 'gene* means a nucleic acid molecule, the sequence of which Includes all the Information required for the 
nonnal regulated production of a particular protein, including the stnjctural coding sequence, promoters and enhancers. 
[0049] This invention provides an isolated mammalian nucleic acid encoding a m ammalian prostate-specific membrane 
(PSM) antigen. 

[0050] This invention further provides an isolated mammalian DNA molecule of an Isolated mammalian nucleic acid 
molecule encoding a mammalian prostate-specific membrane antigen. This invention also provides an isolated mam- 
malian cDNA molecule encoding a mammalian prostate-specific membrane antigen. This invention provides an Isolated 
mammalian RNA molecule encoding a mammalian prostate-specific membrane antigen. 

£0051] In Wie preferred embodiment of this invention, the isolated nucleic sequence is cDNA from human as shown 
in sequence ID number 1. This human sequence was submitted to GenBank (Los Alamos National Laboratory. Los 
Alamos, New Mexico) wttti Accession Number, M99487 and ti^e description as PSM, Homo sapiens, 2653 base-pairs. 
[0052] Herein also DNA and cDNA are described which encode amino add sequences which differfrom tiiose of PSM 
antigen, but which should not produce phenotypic changes. Moreover, therein also DNAs and cDNAs are described 
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which hybridise to the DNA and cONA of the subject invention. Hybridization nnethods are well known to those of skill 
in the art. 

[0053] The DNA molecules of the subject invention also include DNA molecules coding for polypeptide fragments of 
antigenic polypeptides which diff erfrom naturally-occurring forms in teims of the identity or location of one or more amino 
acid residues (deletion analogs containing less than all of the residues specified for the protein, substitution analogs 
wherein one or more residues specified are replaced by other residues and addition analogs where in one or mote anriino 
add residues is added to a temninal or medial portion of the polypeptides) and which share some or all properties of 
naturally-occurring forms. These molecules include: the incorporation of codons 'preferred* for expression by selected 
non-mammanan hosts; the provision of sites for cleavage by restriction endonuclease enzymes; and the proviston of 
additional initial, terminal or intermediate DNA sequences that facilitate construction of readily expressed vectors. 
[0054] The DNA molecules described and claimed herein are useful forthe infoimation which they provide concerning 
the amino acid sequence of the polypeptide and as products for the large scale synthesis of the polypeptWe by a varied 
of recombinant techniques. The molecule is useful for generating new cloning and expresston vectors, transformed and 
transfected prokaryotk: and eukaryotic host cells, and new and useful methods for cultured growth of such host cells 
capable of expression of the polypeptide end related products. 

[0055] Moreover, the isolated mammalian nucleic acid molecules encoding a mammalian prostate-specife membrane 
antigen are useful for the development of probes to study the tumorigenesis of prostate cancer. 
[0056] This Invention also provides nudeic acid molecules of at least 1 5 nucleotides capable of specifically hybridizing 
with a sequence of a nucleic add molecule encoding the prostate-specific membrane antigen. 

[0057] This nucleic add molecule produced can either be DNA or RNA. Asf used herem. the phrase 'specifically 
hybridizing' means the ability of a nucleic add molecule to recognize a nucleic acid sequence complementary to its own 
and to form double-helical segments through hydrogen bonding between complementaiy base pairs. 
[0058] This nudeic acid molecule of at least 15 nucleotides capable of spedfically hybridizing with a sequence of a 
nudeic acid molecule encoding the prostate-specific membrane antigen can be used as a probe. Nudeic add probe 
technology is well known to those skilled in the art who will readily appreciate that such probes may vary greatiy in iengtit 
and may be labeled with a detectable label, such as a radioisotope or fluorescent dye, to fadlltate detection of the prober 
DNA probe molecules may be produced by insertion of a DNA molecule which encodes PSM antigen into suitable 
vectors, such as plasmids or bacteriophages, followed by transforming into suitable bacterial host cells, replication in 
ttie transfomried bacterial host cells and harvesting of the DNA probes, using methods well known in the art 
[0059] Altemath^ely, probes may be generated chemically from DNA synthesizers. 

[0060] RNA probes may be generated by inserting the PSM antigen molecule downstream of a baderiophage promoter 
such as T3, T7 or SP6. Large amounts of RNA probe may be produced by incubating the labeled nucleotides with the 
llnearfzed PSM antigen fragment where It contains an upstream promoter In the presence of the appropriate RNA 
polymerase. 

[0061 ] This invention also provides a nuclefc acid molecule of at least 1 5 nucleotides capable of specifically hybridizing 
with a sequence of a nucleic acid molecule which is complementary to the mammsUian nudeic acid molecule encoding 
a mammalian prostate-specific membrane antigen. This molecule may eitiier be a DNA or RNA molecule. 
[0062] The current invention further provides a method of detecting the expression of a mammalian PSM antigen 
expression in a cell which comprises obtaining total mRNA from the cell, contading the mRNA so obtained with a labelled 
nudeic acid molecule of at least 15 nucleotides capable of spedfically hybridizing with a sequence of the nudek: acid 
molecule encoding a mammalian PSM antigen under hybridizing conditions, detenniningthe presence of mRNA hybrid- 
ized to the molecule and thereby detecting the expression of the mammalian prostate-specific membrane antigen in the 
cell. The nucleic acid molecules synthesized above may be used to detect expression of a PSM antigen by detecting 
the presence of mRNA coding forthe PSM antigen. Total mRNA from the cell may be isolated by many procedures well 
known to a person of ordinary skill in the art The hybridizing conditions of the labelled nucleic add molecules may be 
detenmined by routine experimentation well known in the art The presence of mRNA hybridized to the probe may be 
detemnined by gel electrophoresis or other mettiods known in the art By measuring the amount of the hybrid made, the 
expression of the PSM antigen by the cell can be detemnined. The labelling may be radioactive. For an example, one 
or more radioactive nucleotides can be incorporated in tiie nudeic acid when it is made. 

[0063] In one embodiment of this invention, nucleic acids are extracted by precipitation from lysed cells and the mRNA 
is isolated from the extract using an oligo-tfT column which binds the poty-A tails of the mRNA molecules (13). The 
mRNA is then exposed to radioactively labelled probe on a nitrocellulose membrane, and the probe hybridizes to and 
thereby labels complementary mRNA sequences. Binding may be deteded by luminescence autoradiography or sdn- 
tillation counting. However, other methods for performing these steps are well known to those skilled in the art and the 
discussion above is merely an example. 

[0064] This invention further provides another method to detect expression of a PSM antigen in tissue sections which 
comprises contacting the tissue sedions with a labelled nudeic add molecule of at least IS nudeotides capable of 
specifically hybridizing with a sequence of nucleic add molecules encoding a mammalian PSM antigen under hybridizing 
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conditions, detennining the presence of mRNA hybridized to the molecule and thereby detecting the expression of the 
mammanan PSM antigen in tissue sections. The probes are also usehil for in-situ hybridization or in order to locate 
■ tissues which express this gene, or for other hybridization assays for the presence of this gene or its mRNA in vanous 
biological tissues. The In-sttu hybridization using a labelled nucleic acid molecule is weO known in the ait. Essentially. 
5 tissue sections are incubated with the labelled nucleic acid molecule to aHow the hybridization to occur. The molecule 
will carry a mariter for the detection because it is ■labelled', the amount of the hybrid will be determined based on the 
detection of the amount of the mariier and so wiU the expression of PSM antigen. 

[0065] This invention further provides isolated PSM antigen nucleic acid molecule operatively finked to a promoter of 
RNA transcription. The isolated PSM antigen sequence can be Finked to vector systems. Various vectors including 

10 plasmid vectors, cosmid vectore. bacteriophage vectors and other vinjses are well known to ordinary skilled practitioners. 
This invention further provides a vector which comprises the isolated nucleic acid molecule encoding forthe PSM antigen. 
[0066] As an example to obtain these vectors, insert and vector DNA can both be exposed to a restriction enzyme to 
create complementary ends on both molecules which base pair with each other and are then ligated together with DNA 
ngase. Altematwely, finkers can be ligated to the insert DNA wfhich con-espond to a restriction site in the vector DNA. 

IS which is then digested with the restriction enzyme which cuts at that site. Other means are also available and known to 
an ordinary skilled practitioner. 

[00671 In an embodirnent. the PSM sequence is cloned in the Not I/Sal 1 site of pSPORTAvector (GIbco® - BRL). This 
plasmid, p5SA-PSM, was deposited on August 14. 1992 with the American Type Culture CoHectlon (ATCC), 12301 
Pari<lawn Drive. Rockville. Maryland 20852. U.S.A. under the provisions of the Budapest Treaty for the International 
so Recognition of the Deposit of Microorganism for the Purposes of Patent Procedure.' Plasmid. p55A-PSM. was accorded 
ATCC Accession Number 75294. 

[00B8] This Invention further provides a host vector system for the production of a polypeptide having the biological 
activity of the prostate-specific membrane antigen. These vectors may be transfonned into a suitable host cell to form 
a host cell vector system for the production of a polypeptide having the biologic^ activity of PSM antigen. 

as [0069] Regulatory elements required for expression include promoter sequences to bind RNA polymerase and tran- 
scription initiation sequences for ribosome binding. For example, a bacterial expresaon vector includes a promoter such 
as ttie lac promoter and for transcription initiation the Shlne-Dalgamo sequence and the start codon AUG (1 4). Sknilarty, 
a eukaryotic expression vector includes a heterologous or homologous promoter for RNA polymerase II. a downstream 
polyadenylation signal, the start codon AUG, and a temnination codon for detachn»ent of the ribosome. Such vectors 

30 may be obtained commercially or assembled from the sequences described by methods well known in ttie art. for example 
the mettiods described above for constmcting vectors in general. Expression vectors are useful to produce cells that 
express the PSM antigen. 

[0070] This invention further provides an isolated DNA or cDNA molecule described hereinabove wherein the host 
cell IS selected from the group consisting of bacterial cells (such as E.coin . yeast cells, fungal cells, insect oefls and 
as animal cells. Suitable animal cells include, but are not limited to Vero cells. HeLa cells. Cos cells. CV1 cells and various . 
primary mammalian cells. 

[0071] This invention further provides a mettiod of producing a polypeptide having ttie biological activity of the prostate- 
specific membrane antigen which comprising growing host cells of a vector system containing the PSM antigen sequence 
under suitable conditions permitting production of ttie polypeptide and recovering the polypeptide so produced. 

40 £0072] This invention provides a mammalian cell comprising a DNA molecule encodng a mammalian PSM antigen, 
such as a mammanan cell comprising a plasmid adapted for expression in a mammalian cell, which comprises a DNA 
molecule encoding a mammalian PSM antigen and the regulatory elenrients necessary for expression of tiie DNA in the 
mammalian cell so located relative to ttie DNA encoding ttie mammaRan PSM antigen as to pemiit expression thereof. 
[0073] Numerous mammalian cells may be used as hosts, including, but not Hmited to, the mouse fibroblast cell 

<5 NIH3T3, CHO cells. HeLa cells, Uk cells. Cos cells, ete. Expression ptasmids such as that described supra may be used 
to transfect mammalian cells by mettiods well known In the art such as cateium phosphate precipitation, electroporation 
or DNA encoding the mammalian PSM antigen may be otherwise Introduced Into mammalian cells. e.g.. by microinjection, 
to obtain mammalian cells which comprise DNA. e.g.. cDNA or a plasmW. encoding a mammalian PSM antigen. 
[0074] This invention provides a method for detemrtining whetiier a ngand can bind to a mammalian prostate-specific 

so membrane antigen which comprises contacting a mammaPian cell comprising an isolated DNA molecule, encoding a 
mammaHan prestate-spedfic membrane antigen wrth the figand under condlttons pemiittlng binding of ligands to the 
mammanan prostate-spedfic membrane antigen, and thereby detennining whether tiie ligand binds to a mammalian 
prostate-specific membrane antigen. 

[0075] Herein also ligands bound to the mammalian PSM antigen are provided. 
5S [0076] Moreover, herein also a tiierapeutic agent is provided comprising a I'igand identified by ttie above-described 
mettiod and a cytotoxic agent conjugated thereto. The cytotoxic agent may either be a radioisotope or a toxin. Examples 
or radioisotopes or toxins are well known to one of ordinary skill in the art 

[0077] Pharmaceutically acceptable carriere are weB known to one of ordinaiy skill in the art. For an example, such 
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a phaimaceutically acceptable earner can be phyaological saline. 

[0078] Also provided by this invention is a purified mammalian PSM antigen. When used herein, the temn 'purified 
prostate-specific membrane antigen' shall mesm isolated naturany-occurring prostate-spedfic membrane antigen or 
protein (purified from nature or manufactured such that the primary, secondary and tertiary conformation, and posttrans- 
lational modifications are identical to naturally-occurring material) as well as non-naturally occurring polypeptides ha^ng 
a primary structural confomnation Q.e. continuous sequence of amino acid residues). Such polypeptides include deriv- 
atives and ansdogs. 

[0079] This invention further provides a polypeptide encoded by the isolated mammafian nucleic acid sequence of 
PSM antigen. 

[0080] It is believed that there may be natural figand interacting with the PSM antigen. The Invention provides a method 
to identify such natural ligand or other iigand wh'ch can bind to the PSM antigen. A method to identify the ligand comprises 
a) coupling the purified mammalian PSM antigen to a solid matrix, b) incubating the coupled purified mammaDan PSM 
protein with the potential ligands under the conditions permitting binding of ligands and the purified PSM antigen; c) 
washing the ngand and coupled purified mammalian PSM antiger^ complex formed in b) to eliminate the nonspecific 
binding and impurities and finally d) eluting the ligand from the bound purified mammalian PSM antigen. The techniques 
of coupling proteins to a solid matrfoc are well known in the art. Potential ligands may either be deduced from the structure 
of mammalian PSM or by other empirical experiments lotown by ordinary skilled practitioners. The conditions for binding 
may also easily be determined and protocols for canying such experimerrtation have long been well documented (IS). 
The ligand-PSM antigen complex will be washed. Finally, the bound ligand win be eluted and characterized. Standard 
ligands characterization techniques are well known in the art ' 

[0O81] The above method may also be used t» purify ligands from any biologteal souroe. For puriffeation of natural 
Ggands in 0)e cell, cell lysates. semm or omer biological samples will be used to incubate witti the mammalian PSM 
antigen bound on a matrix. Specific natural ligand will then be identified and purified as above described. 
p>082] With the protein sequence infomnation. antigenic areas may be identified and antibodies directed against these 
. areas may be generated and targeted to the prostate cancer for imaging the cancer or therapies. 
[0083] This invention provides an antibody directed against the amino acid sequence of a mammalian PSM antigen. 
[0084] This invention provides a method to select specific regions on the PSM antigen to generate antibodies. The 
protein sequence may be determined from the PSM DNA sequence. Amino acid sequences may be analyzed by methods 
well known to those skilled in the art to determine whether they produce hydrophobic or hydrophiRc regions in the proteins 
which they build. In the case of ceil membrane proteins, hydrophobk: regions are well known to form the part of the 
protein that is inserted into the lipid bilayer of the cell membrane, while hydrophilic regions are located on the cell surface, 
in an aqueous environment Usually, the hydrophilic regions will be more immunogenic than the hydrophobic regions. 
Therefore the hydrophllk: amino acid sequences may be selected and used to generate antibodies pacific to mammalian 
PSM antigen. For an example, hydrophilic sequences of the human PSM antigen shown in hydrophifidty plot of Rgure 
1 6 may be easily selected. The selected peptides may be prepared using commercially available machines. As an 
altemativa, ONA, such as a cONA or a fragment thereof, may be cloned and expressed and the resulting polypeptide 
recovered and used as an immunogen. 

[00S5] Polyclonal antibodies against these peptides may be produced by immunizing animals using the selected 
peptides. Monoclonal antibodies are prepared using hybridoma technology by fusing antibody producing B cells from 
immunized animals with myeloma cells and selecting the resulting hybridoma cell line producing the desired antibody. 
Alternatively, monoclonal antibodies may be produced by In vitro techniques known to a person of ordinary skill in the 
art. These antibodies are useful to detect the expression of mammalian PSM antigen in Uvlng animals. In humans, or in 
biological tissues or flukis isolated from animals or humans. 

[0086] In one embodiment peptides Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID No. 35), Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID 
No. 36) and Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID No. 37) of human PSM antigen are selected. 

[0087] This invention further provides polyclonal and monoclonal antibodyfies) against peptides Asp-Glu-Leu-Lys- 
Ala-Glu (SEQ ID No. 35), Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID No. 36) and Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID No. 37). 
[0088] This invention provides a therapeutic agent comprising antibodies or ligand(6) directed against PSM emtigen 
and a cytotoxte agent conjugated thereto or antibodies linked enzymes which activate prodrug to kill the tumor. The 
cytotoxic agent may either be a radioisotope or toxin. 

[0089] This invention provides a use of a monoclonal antibody directed against the peptide of the mammalian PSM 
antigen for the preparation of a pharmaceutical composition for imaging prostate cancer In human patients, wherein said 
monoclonal antibody is capable of binding to the cell surface of tiie prostate cancer cell and labeled with an imaging 
agent under conditions permitting formation of a complex between the monoclonal antibody and the cell surface prostate- 
specific membrane antigen. The imaging agent is a radioisotope such as Indium'''''*. This invention further provides a 
prostate cancer specric imaging agent comprising the antibody directed against PSM antigen and a radioisotope con- 
jugated thereto. 

[0090] This invention also provides a composition comprising an effective imaging amount of the antilaody directed 
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against the PSM antigen and a pharmaceutically acceptable carrier. The methods to determine effective imaging amounts 
are well known to a skilled practitioner. One method is by titration using different amounts of the antibody. 
[00911 This invention further provides an immunoassay for measuring the amount of the prostate-specific membrane 
antigen in a biological sample comprising steps of a) contacting the biological sample with at least one antibody directed 
5 against the PSM antigen to form a complex wHh said antibody and the prostate-specific membrane arrUgen, and b) 
measuring the amount of the prostate-specific membrane antigen in said biological sample by measuring the amount 
of said complex. One example of the biological sample is a serum sample. 

[0092] This invention provides a method to purify mammafian prostate-specific membrane antigen comprising steps 
of a) coupling the antibody directed against the PSM antigen to a sofid matrix; b) incubating the coupled antibody of a) 
TO with lysate containing prostate-specific membrane antigen underthe condition which the antibody and prostate membrane 
specrfic can bind; c) washing the solid matrix to eliminate impurities and d) eluting the prostate-specific membrane 
antigen from the coupled antibody. 

[0093] This invention also provides a transgenic nonhuman mammal which comprises the isolated nucleic add mol- 
ecule encoding a mammalian PSM antigen. This invention further provides a transgenic nonhuman mammal whose 

15 genome comprises antisense DMA complementary to DNA encoding a mammaftan prostate-specific membrane antigen 
so placed as to be transcn'bed into antisense mRNA complementary to mRNA encoding the prostate-spedfic membrane 
antigen and which hybridires to mRNA encoding the prostate specific antigen thereby redudng its translation. 
[0094] Animal model systems which elucidate the physiologtoal and behavioral roles of mammalian PSM antigen are 
produced by creating transgenic animals in whfch the expression of the PSM antigen is either Increased or decreased, 

20 or ttie amino add sequence of the expressed PSM antigen is altered, by a variety of techniques. Examples of these 
techniques include, but are not limited to: 1 ) Insertion of nornial or mutant versions of DNA encoding a mammalian PSM 
antigen, by microirijection. electroporation, retroviral transfection or other means well known to those skilled in the art. 
into appropriate fertilized non-human embryos in orderto produce a non-human transgento animal (1 6) or 2) Homologous 
recombination (1 7) of mutant or normal, human or animal versions of these genes with the native gene locus in transgenic 

as animate to alter the regulation of expression or the structure of these PSM antigen sequences. The technique of homol- 
ogous recombination is well known in the art It replaces the native gene with the Inserted gene and so is useful for 
producing an animal that cannot express native PSM antigen but does express, for example, an inserted mutant PSM 
antigen, which has replaced the native PSM antigen In the animaPs genome by reconrtoination, resulting In underex- 
pression of the transporter. Microinjection adds genes to the genome, but does not remove tiiem. and so is useful for 

30 producing an animal which expresses its own and added PSM antigens, resulting In overexpression of tiie PSM antigens. 
[0095] One means available for producing a non-human ti^nsgenic animal with a mouse as an example, is as follows: 
Female mice are mated, and the resulting fertilized eggs are dissected out of their oviducts. The eggs are stored in an 
appropriate medium such as M2 medium (16). DNA orcDNA encoding a mammalian PSM antigen is purified frorn a 
vector by methods well known in the art Inducible promoters may be fused with the coding region of the DNA to provide 

35 an experimental means to regulate expression of the tians-gene. Alternatively or in addition, tissue specific regulatory 
elements may be fused with the coding region to penmit tissue-specific expression of the trans-gene. The DNA, in an 
appropriately buffered solution, is put into a microinjection needle (which may be made from capillary tubing using a 
pipet pufler) and the egg to be injected is put in a depression slide. The needle is Inserted into Xhe pronudeus of the 
egg, and the DNA solution is injeded. The injerted egg is then transferred into the oviduct of a pseudopregnant mouse 

40 (a mouse stimulated by the appropriate homnones to maintain pregnancy but which is not actually pregnant), where it 
proceeds to the uterus, implants, and develops to temn. As noted above, microinjection is not the only method for inserting 
DNA Into the egg cell, and is used here only for exemplary purposes. 

[0096] Another use of ttie PSM antigen sequence is to isolate homologous gene or genes in different mammals. The 
gene or genes can be isolated by low stringency screening of either cDNA or genomic libraries of different mammals 
■»5 using probes from PSM sequence. The positive clones identified will be further analyzed by DNA sequencing techniques 
which are well known to an ordinary person skilled in tiie art. For example, the detection of members of the protein serine 
kinase family by homology probing (1 8). 

[0097] This invention provides a use of a DNA molecule encoding a prostate specific membrane antigen operatively 
linked to a 5" regulatory element for the preparation of a pharmaceutical composition for suppressing or modulating 

so metastatic ability of prostate tumor cells, prostate tumor growth or elimination of prostate tumor cells, wherein said 
phannaceutical composition is introduced into the cells in a way that expression of the prostate specific membrane 
antigen Is under the control of the regulatory element, thereby suppressing or modulating metastatic ability of prostate 
tumor cells, prostate tumor growth or elimination of prostate tumor cells. The subject may be amammal or more specifically 
a human. In one embodiment, the DNA molecule encoding prostate specific membrane antigen operatively linked to a 

55 5* regulatory element forms part of a transfer vector which is inserted into a cell or organism. In addition the vector is 
capable or repfication and expression of prostate sjsecific membrane antigen. The DNA molecule encoding prostate 
specific membrane antigen can be integrated into a genome of a eukaryotic or prokaryotic cell or in a host cell containing 
and/or expressing a prostate specific membrane antigen. 
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[0098] Further, the DNA molecule encoding prostate specific membrane antigen nrmy be Introduced by a bacterial, 
viral, fungal, animal, or liposomal delivery vehicle. Other means are also available and known to an ordinary skilled 
practitioner. 

[0099] Further, the DNA molecule encoding a prostate specific rhembrane antigen operatlvely linked to a promoter or 
enhancer. A number of virai vectors have been descnbed including those made from various promoters and otho^ 
regulatory elements derived from virus sources. Promoters consist of short arrays of nucleic acid sequences that interact 
specifically with cellular proteins involved in transcription. The combination of different recognition sequences and the 
cellular concentration of the cognate transcription factors determines the efTiciency with which a gene is transcribed in 
a particular cell type. 

[0100] Examples of suitable promoters include a viral promoter. Viral promoters include: adenovirus promoter, an 
simian virus 40 (SV40} promoter, a cytomegalovirus (CM V) promoter, a mouse mammary tumor virus (MMTV) promoter, 
a Malony murine leukemia virus promoter, a murine sarcoma virus promoter, and a Rous sarcwna virus promoter. 
[0101] Further, another suitable promoteris a heat shock promoter. Additionally, a suitable promoter is a bacteriophage 
promoter. Examples of suitable bacteriophage promoters include but not limited to. a T7 promoter, a T3 promoter, an 
SP6 promoter, a lambda promoter, a baculovirus promoter. 

[0102] Also suitable as a promoter is an animal ceD promoter such as an interferon promoter, a metaltothkinein 
prompter, an immunoglobulin promoter. A fungal promoter is also a suitable promoter. Examples of fungal promoters 
include but are not Ibnited to, an ADCI promoter, an ARG promoter, an ADH promoter, a CYC1 promoter, a CUP 
promoter! an EN01 promoter, a GAL promoter, a PHO promoter, a PGK promoter, a GAPDH promoter, a mating type 
factor promoter. Further, plant cell promoters and insect cell promoters are also suitable for the methods described herein. 
[0103] This inventk>n provides a use of a DNA molecule encoding a prostate specrfc membrane antigen operatively 
linked to a 5' regulatory element coupled wtth a therapeutic DNA for the preparation of a pharmaceutical composition 
for suppressing or modulating metastatic ability of prostate tumor cells, prostate tumor growth or elimination of prostate 
tumor cells, wherein said pharmaceutical composition is introduced into a tumor ceil of a subject, thereby suppressing 
or modulating metastatic ability of prostate tumor celts, prostate tumor growth or elimination of prostate tumor cells. The 
subject may be a mammal or more speciTically a human. 

[0104] Further, the therapeutic DNA which is coupled to the DNA molecule encoding a prostate specific membrane 
antigen opersitively linked to a 5' regulatory elanent into a tumor cell may code for a cytokine, viral antigen, or a pro- 
drug activating enzyme. Other means are also available and known to an ordinary skilled practitioner. 
[0105] The cytokine used may be interleuldn-2, interieukin-12. interferon alpha, beta or gamma, granukscytic macro- 
phage - colony stimulating factor, or other immunity factors. 

[01 06] In addltton. this invention provides a prostate tumor cell, comprising a DNA molecule isolated from mammalian 
nucleic acid encoding a mammalian prostate-specific membrane antigen under the control of a prostate specific mem- 
brane antigen operatively Rnked to a 5' regulatory element 

[0107] As used herein. DNA molecules include complementary DNA (cDNA), synthetic DNA, and genomic DNA. 
[0108] This invention provides a therapeutic vaccine for preventing human prostate tumor growth or stimulation of 
prostate tumor cells in a subject Said therapeutic vaccine and a pharmaceutkrally acceptable carrier can be administered 
in an effective amount to the prostate cell, thereby preventing the tumor growth or stimulation of tumor cells in the subject 
Other means are also available and known to an ordinary skilled practitioner. 

[01 09] This invention provides a method of detecting hematogenous micrometastic tumor cells of a subject, comprising 
(A) performing nested polymerase chain reaction (PCR) on blood, bone marrow or lymph node samples of the subject 
using the prostate specific membrane antigen primers, and (B) verifying micrometastases by DNA sequencing and 
Southem analysis, thereby detecting hematogenous micrometastte tumor cells of the subject The subject may be a 
mammal or more speciftoally a human. 

[01 10] The micrometastatic tumor cell may be a prostatic cancer and the DNA primers may be derived from prostate 
specific antigen. Further, the subject may be administered with simultaneously an effective amount of hormones, so as 
to increase expression of prostate specific membrane antigen. 

[0111] This invention provides a use of a DNA molecule encoding prostate specific membrane antigen operatively 
linked to a 5' regulatory element for the preparation of a pharmaceutical composition for abrogating the mitogenic 
response due to transferrin, wherein said pharmaceutical composition is introduced into a tumor cell, the expresston of 
which gene Is directiy associated with a defined pathological effect within a multicellular organism, thereby abrogating 
mitogen response due to transfen-ln. The tumor cell may be a. prostate cell. 
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Experimental Details 

Rrst Series of Experiments 

5 Materials and Methods 

[01 121 "l^fi approach for cloning the gene involved purification of the antigen in large quantities by immunoprecipitation, 
and microsequencing of several internal peptides for use in synthesizing degenerate oligonucleotide primers for subse- 
quent use in the polymerase chain reaction (19. 20). A partial cDNA was amplified as a PCR product and this was used 
>o as a homologous probe to clone the full-length cDNA molecule from a LNCaP (Lymph Node Carcinoma of Prostate) cell 
fine cDNA plasmid library (8). Early experiments revealed to us that the CYT-3S6 antibody (9) was not capable of detecting 
the antigen produced in bacteria since the epitope was the glycosylated portion of the PSM antigen, and this necessitated 
our more difficult, yet elaborate approach. 

fs Western Analysis of the PSM Antigen 

[01 13] Membrane proteins were isolated from cells by hypotonic lysis followed by centrifugatjon over a sucrose density 
gradient (21). 10-20 m9 tNCaP, DU-145. and PC-3 membrane proteins were electrophoresed through a 10% SDS- 
PAGE resolving gel with a 4% stacking gel at 9-10 miinamps tor 16-18 hours. Proteins were electroblotted onto PVDF 

20 membranes (Millipore® Corp.) in transfer buffer (4BmM Tris base. 39mM Glycine. 20% Methanol) at 25 volts overnight 
at 4''C. Membranes were blocked in TSB (0.15M NaCI, 0.01 M Tris base. 5% BSA) for 30 minutes at room temperature 
followed t>y Incubation with 1 0-1 SfLg/ml of CYT-3S6 monoclonal antibody (Cytogen Corp.) for 2 hours. Membranes were 
then Incubated with 10-15 /*g/ml of rabbit anti-mouse immunoglobulin (Accurate Scientific) for 1 hour at room temperature 
followed by incubation with i25|-ProteIn A (Amersham®) at 1x1 0® cpm/hil at room temperature. Membranes were then 

2S washed and autoradiographed for 1 2-24 hours at -TO'C (Figure 1). 

Immunohtstochemical Analysis of PSM Antigen Expression 

[01 14] The avidln-biotin method of immunohistochemical detection was employed to analyze both human tissue sec- 

30 Bons and cell lines for PSM Antigen expression (22). Cryostat-cut prostate tissue sections (4-6jim thick) were fixed in 
methanol/acetone for 10 minutes. Cell cytospins were made on glass slides using 50.000 cells/1 00»j.l/snde. Samples 
were treated with 1% hydrogen peroxide in PBS for 10-15 minutes in order to remove any endogenous peroxidase 
activity. Tissue sections were washed several times in PBS, and then incubated with the appropriate suppressor serum 
for 20 minutes. The suppressor serum was drained off and the sections or cells were then incubated with the diluted 

3S CYT-356 monoclonal antibodyfer 1 hour. Samples were then washed with PBS andsequentially Incubated with secondary 
antibodies (horse or goat Immunoglobulins. 1 ;200 dilution for 30 minutes), and with avidin-biotln complexes (1 :2S dilution 
for 30 minutes). DAB was used as a chromogen. followed by hematoxylin counterstaining and mounting. Frozen sections 
of prostate samples and duplicate cell cytospins were used as controls for each experiment As a podtive control, the 
anti-cytokeratin monodonal antibody CAM 5.2 was used following tiie same procedure described above. Tissue sections 

^ are considered by us to express the PSM antigen if at least 5% of the cells demonstrate ImmunorBactivlty. Our scoring 
system Is as follows: 1 = <S%; 2 = 5-1 9%; 3 = 20-75%: and 4 = >75% positive cells. Homogeneity versus heterogeneity 
was accounted for by evaluating positive and negative cells in 3-5 high power light mteroscoplc fields (400x), recording 
the peroentage of positive cells among 100-500 cells. The intensity of immunostaining is graded on a 14- to 4+ scale, 
where 1 1- represents mikl. 2-34- represents moderate, and 44- represents intense immunostaining as compared to positive 

45 controls. 

Immunoprecipitation of the PSM Antigen 

[01 1 5] BO%-confluent LNCaP cells in 1 00mm petri dishes were starved in RPMI media without methionine for 2 hours, 
so after which 35s-Methionine was added at 1 0OM-Ci/ml and the cells were grown for another 1 6-1 8 hours. Cells were ttien 
washed and lysed by the addition of 1ml of lysis buffer (1% Triton X-100, 50mM Hepas pH 7.5, 10% glycerol. ISOmM 
MgClg. ImM PMSF. and ImM EGTA) with incubation for 20 minutes at 4''C. Lysates were pre-cleared by mixing with 
Pansorbin® cells (Calbiochem®) for 90 minutes at 4°C. Cell lysates were tiien mixed witii Protein A Sepharose® CL- 
48 beads (Phannacia®) previously bound with CYT-3S6 antibody (Cytogen Corp.) and RAM antibody (Accurate Sdentific) 
» for 3-4 hours at 4"'C. 1 2M.g of antibody was used per 3mg of beads per petii dish. Beads were then washed with HISTTG 
buffer (20mM Hepes pH 7.5, 1 50mM NaCI. 0.1 % Triton X-1 00. 1 0% glycerol, and 2mM Sodium Ortiiovanadate), resus- 
pended in sample loading buffer containing p-mercaptoethanol, denatured at 95"C for 5-10 minutes and run on a 10% 
SDS-PAGE gel with a 4" stacking gel at 10 mtlliamps overnight Gels were stained with Coomassie Blue, destained with 
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acetic acid/methanol. and dried down in a vacuum diyer at 60^. Gels were then autoradiographed for 16-24 hours at 
-70»C (Hgure 2 A-0). 

Large-Scate Immunopreclpltation and Peptide Sequencing 

[0116) The procedure described above for immunoprecipitatlon was repeated with 8 confluent petri dishes containing 
approximately 6x10^ LNCaP cells. The immunoprecipitatlon product was pooled and loaded into two lanes of a 10% 
SDS-PAGE gel and electrophoresed at 9-10 milliamps for 16 hours. Proteins were electroblotted onto Nitrocellulose 
BA-as membranes (Schleicher and Schuell®) for 2 hours at 75 volts at 4-C In transfer buffer. Membranes were stained 
with Ponceau Red to visualize the proteins and the lOOkD protein * band was excised, solubinzed. and digested prote- 
olytically with trypsin. HPLC was then perfomned on the digested sample on an Applied Biosystems Model 171C and 
clear dominant peptide peaks were selected and sequenced by modified Edman degradation on a modified post liquid 
Appned Biosystems Model 477A Proteln/Peptide MlcrosBquencer(23). Sequencing data on all of the peptides is included 
within this document. We attempted to sequence the amlno-tenninus of the PSM antigen by a similar method wt^fch 
involved purifying the antigen by immunoprecipitatlon and transfer via electro-blotUngto a PVOFmembrane (Millipora®) 
Protein was analyzed on an Applied Biosystems Model 477A Protein/Peptide Sequencer and the amino terminus was 
found to be blocked, and therefore no sequence data could tie obtained by this technique. 

PSM Antigen Peptide Sequences: 

[01171 

2T1 7 #5 SLYES(W)TK (SEQ ID No. 3) 

2T22 «9 (S)YPDGXNLPG6{g)VQR (SEQ ID No. 4) 

2T26 #3 FYDPMFK (SEQ ID No. 5) 

2T27 #4 IYNVIGTL(K) (SEQ ID No. 6) 

2T34 #S FLYXXTQIPHLAGTEQNFQLAK (SEQ ID No. 7) 

2T35 #2 G>PVILYSDPADYFAPD/GVK (SEQ (D No. 8. 9) 

2T38 #1 AFIDPLGLPDRPFYR (SEQ ID No. 10) 

2T46 #8 YAGESFPGIYDALFDIESK (SEQ ID No. 1 1 ) 

2T47#7 TILFAS(W)DAEEFGXX(q)STE(e)A(E)..(SEQ ID No. 12) 

Notes: X means that no residue could be identified at this position. 

Capital denotes identification but with a lower degree of confidence. 

(lower case) means residue present but at very low levels. ... 

indicates sequence continues but has dropped below detection limit 

[01 1«1 All of these peptide sequences were verified to be unique after a complete homology search of the translated 
Genbank computer database. 

Degenerate PGR 

[0119] Sense and anti-sense ff-unphosphorylated degenerate ongonudeotide primers 17to 20 nucleotides in length 
corresponding to portions of the above peptides were synthesized on an Applied Biosystems Model 394A DNA Synthe- 
sizer. These primers have degeneracies from 32 to 144. The primers used ara shown below. The underlined amino 
adds In the peptides represent the residues used in primer design. 

Peptide 3 : FYDPMFK (SEQ 10 No. S) 

[0120] 

PSM Primer "A* TT(C or 1) - TA(C or T) - QA(C or T) - CCX - ATG - TT {SEQ ID No. 1 3) 
PSM Primer -B' AAC - ATX - QG(A or G) - TC(A or G) - TA(A or G) - AA (SEQ ID No. 14) 
Primer A is sense primer and B is anti-sense. Degeneracy is 32-fold. 
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Peptide 4 : lYNVIGT UK) (SEQ ID No. 6) 
[01211 

PSM Primer 'C ATfT or C or A) - TA(T or C) - AA(T or C) GTX - ATCT or C or A) - GG (SEQ ID No. 1 5) 
PSM Primer "D" CC (A or T or G) - ATX - AC {G or A) - TT (A or G) - TA(A or G Of "0 - AT (SEQ ID No. 16) 
Primer C is sense primer and D is anti-sense. Degeneracy is 144-fold. 

Peptide 2: G/PVILYSDPADYFAPD/GVK (SEQ ID No. 8,9) 

IP122] 

PSM Primer CCX - GCX - G A{T or C) - TA(T or C) - TTfT or C) - GC (SEQ ID No. 17) 
PSM Primer "F" GC(G or A) - AA(A or G) - TA(A or G) - TXC - GCX - GG (SEQ ID No. IB) 
Primer E is sense primer and F is antisense primer. Degeneracy is 12B-foid. 

Peptide 6: FLYXXTQiPHLAG TEONFO LAK (SEQ ID No. 7) 

[01231 

PSM Primer "I" ACX - GA(A or G) - CA(A or G) - AA (T or C) - TT(T or C) - CA(A or G) - CT (SEQ ID No. 19) 

PSM Primer "J" AG - (T or C)TG - (A or G)AA - (A or G)TT - (T or C) TQ - (T or C)TC - XGT (SEQ ID No. 20) 

PSM Primer "K" GA(A or G) - CA (A or G) - AA 0" or C) - TTfT or C) CA(A or G) - CT (SEQ ID No. 21) 

PSM Primer T." AG - (T or C)TG - (A or G)AA - (A or G)TT - (J or C)TG - (T or C)TC (SEQ ID No. 22) 

£01241 Primere I and K are sense primers and J and L are anti-sense. I and J have degeneracies of 128-foki and K 
and L have 32-fold degeneracy. 

Peptide 7: TILFA SnftnDAEEFGX X(q)STE(e)A(E>.> (SEQ ID No. 12) 
[01^ 

PSM Primer "M" TGG - GAO" or C) - GCX - GA(A or G) - GA(A or G) - TT(C or T) - GG (SEQ ID No. 23) 

PSM Primer 'N' CC - (G or A)AA - (T or C)TC - (T or C)TC - XGC - (A or G)TC - CCA (SEQ ID No. 24) 

PSM Primer "O* TGG - GA(T or C) - GCX - GA(A or G) - GA(A or G) - TT (SEQ ID No. 25) 

PSM Primer "P" AA - 0" or C)TC - CT or C)TC - XGC - (A or G)TC - CCA (SEQ ID No. 26) 

[0126] Primers M and O are sense primers and N and P are anti-sense. M and N have degeneracy of 64-fold and O 
and P are 32-fold degenerate. 

[01 271 Degenerate PCR was perf omied using a Peritin-Elmer Model 480 DNA themial cycler. cDNA template for the 
PCR was prepared from LNCaP mRNA which had been isolated by standard methods of oBgo rfT chromatography 
(Collaborative Research). The cDNA synthesis was can-ied out as follows: 

4.5nJ LNCaP poly A+ RNA (2»i,g) 

1 .0(iJ Oligo dT primers (0.5|i^) 

4.5/J dHzO 
10|J 
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Incubate at GB'C x 1 0 minutes. 
Quick chill on ice X 5 minutes. 



Add: 

4|J 5 X RT Buffer 
2»J 0.1 M DTT 
1(1.1 lOmMdNTPs 
0.5|iJ RNasin (Promega) 
1.5 /d dHgO 



Incubate for 2 minutes at 37"C. 

Add 1 |iJ Superscript® Reverse Transcriptase (Gibca®-BRL) 
Incubate for 1 hour at 37°C. 



Add 30)1.1 dHsO. 

Use 2(ti per PGR reaction. . 

[01 28] Degenerate PGR reactions were optimized by veuyingthe annealing temperatures. Mg++ concentrations, primer 
concentrations, buffer composition, extension times and number of cycles. Our optimal thermal cycler profile was: De- 
naturation at SA'C x 30 seconds. Annealing at 45-55''C for 1 minute (depending on the mean T„ of the primers used), 
and Extension at 72°C for 2 minutes. 





10 X PGR Buffer" 




2.5mM dNTP Mix 


SMi 


Primer Mix (containing 0.5-1 .0 ftg each of sense anti-sense primers) 


S/J 


lOOmM ^mercaptoethanol 


2|J 


LNGaP cDNA template 


5p^ 


2SmM MgCIs (2.5mM finaQ 


21 mJ 


dHjO 


ZMi 


diluted Taq Polymerase (0.5U/|iJ) 


50|d 


total volume 



Tubes were overlaid with 60|tJ of light mineral oil EUid 

amplified for 30 cycles. PGR products were analyzed by electrophore^ng 5|J 

of each sample on a 2-3% agarose getfollowed by staining with Ethidium bromide 

and photography. 

'IPX PGR Buffer 

166mMNH4S04 

670mM Tris, pH 8.8 

Zmgfml BSA 

45 

[0129] Representative photographs displaying PGR products are shown in Figure 5. 



Cloning of PGR Products 



50 [0130] In order to further analyze these PGR products, these products were cloned into a suitable plasmid vector using 
TA Cloning" (Invitrogen® Corp.). The cloning strategy employed here is to directly ligate PGR products into a plasmid 
vector possessing overhangingT residues atthe insertion site, exploiting the fact that Taq polymerase leaves overhanging 
A residues at the ends of the PGR products. The ligation mixes are transformed into competent E. coli ceils and resulting 
colonies are grown up, piasnnid DNA is isolated by the alkaUne lysis method (24), and screened t>y restriction analysis 

55 (Rgure 6 A-B). 
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DNA Sequencing of PGR Procfucts 

[0131] TA Clones of PCR products were then sequenced by the dideoxy method (25) uang Sequenase (U.S. Bio- 
chemical). 3-4n.g of each plasmid DNA was denatured with NaOH and ethanol predpltated. Labeling reactions were 

5 carried out as per the nnanufacturers recommendations using 35S-ATP. and the reactions were terminated as per Vna 
same protocol. Sequencing products were tiien analyzed on 6% polyacrylamide/7M Urea gels using an IBI sequencing 
apparatus. Gels were run at 120 watts for 2 hours. Following electrophoresis, the gels were fixed for 15-20 minutes in 
10% methanol/10% acetic acid, transferred onto Whatman 3MM paper and dried down in a Biorad® vacuum dryer at 
SO'C for 2 hours. Gels were then autoradlographed at room temperature for 1 6-24 hours. In order to determine whether 

10 the PCR products were the correct clones, we analyzed the sequences obtained at the 5" and 3' ends of the molecules 
looking for the correct primer sequences, as well as adjacent sequences which corresponded to portions of the peptides 
not used in the design of the primers. 

[0132] IN-20 was confirmed to be correct and represent a partial cDNA for the PSM gene. In Oils PCR reaction. I and 
N primeis were used. The DNA sequence we obtained when reading from the I primer was: 

IS 

ACG GAG CAA AAC TTT GAG CTT GCA AAG (SEQ ID No. 30) 
TEQ NFO L A K (SEQ ID No. 31) 

[01 33] The underiined amino acids were the portion of peptide 6 that was used to design this sense primer and the 
20 remaining amino acids which agree with those present within our peptide confim* tiiat this end of the molecule represents 
the correct protein (PSM antigen). 

[01 34] Vymen we analyzed the other end of the molecule by reading from the N primer the sequence was: 

CTC TTC GGC ATC CCA OCT TGC AAA CAA AAT TGT TCT (SEQ ID No. 32) 

[01 35] Since this represents the anti-sense DNA sequence, we need to show the complementary sense sequence in 
order to find our peptide. 

Sense Sequence: 

30 

[0136] 

AQA ACA ATTTTG TTT GCA AGC TGG GAT GCC AAG GAG (SEQ ID No. 33) 
RTILFAS WDA EE fSEQ ID No. 34) 

35 

[0137] The underlined amino acids here reprissent the portion of peptide 7 used to create primer N. All of the amino 
acids upstream of this primer are con«ct in the IN-20 done, agreeing with the amino adds found in peptide 7. Further 
DNA sequencing has enabled us to identify the presence of our other PSM peptides within the DNA sequence of our 
positive clone. 

-40 [0138] The DNA sequence of this partial cDNA was found to be unique when screened on the Genbank 
computer datatiase. 

cDNA Library Construction and Cloning of Full - Length PSM cDNA 

45 [0139] A cDNA library from LNCaP mRNA was constructed using ttie Superscript® plasmid system (BRL<»-Gibco). 
The library was transfomied using competent DH5-a cells and plated onto 100mm plates containing LB plus 1 0Otig^ml 
of Carbeniclllin. Plates were grown ovemight at 37"C and colonies were transferred to nitrocellulose filters. HItere were 
processed and screened as per Grunstein and Hogness (26). using our 1.1 kb partial dDNA homologous probe which 
was radlolabelled wrth 32p-dCTP by random priming (27). We obtained eight positive colonies which upon DNA restriction 

so and sequencing analysis proved to represent full-length cDNA molecules coding for the PSM antigen. Shown In Figure 
7 is an autoradlogram showing the size of the cDNA molecules represented in our library and in Hgure 8 restriction 
analysis of several full-lengtti clones Is shown. Rgure 9 Is a plasmid Southern analysis of the samples in figure 8, showing 
that tiiey all hybridize to the 1 .1 kb partial cDNA prebe. 

[0140] Both the cDNA as well as the antigen have been screened through the Genbank Computer database (Human 
ss Genome Project) and have been found to be unique. 
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Northern Analysts of PSM Gene Expression 

[0141] Northern analysis (2B) of the PSM gene has revealed that expression is limited to the prostate and to prostata 
carcinoma. 

5 [01 42] RNA samples (either 1 0p-g of total RN A or Zftg of poly A-i- RN A) were denatured and electrophoresed tiirou^ 
1.1% agarose/formaldehyde gels at 60 milliamps for 6-8 houis. RNA was then transferred to Nytran® n^on membranes 
(Schleicher and SchuelKS) by pressure blotting in 10x SSC with a Posi-blotter (Stratagene®). RNA was cross-finked to 
the membranes using a Stratalinker (Stratagene®) and subsequently baked in a vacuum oven at 80"C for 2 houis. Blots 
were pre-hybridized at 65"C for 2 hours in prehybridization solution (BRL®) and subsequently hybridized for 16 hours 

10 in hybridization buffer (BRL®) containing 1-2 x 106 cpm/ml of 32P-labelled randonrt-primed cONA probe. Membranes 
were washed twtee in lx SSPE/1% SDS and twtee in 0.1 x SSPE/1% SDS at 42*C. Membranes were then air-diied and 
autoradiographedfbr 12-36 hours at -70"C. 

PGR Analysis of PSM Gene Expression in Human Prostate Tissues 

IS 

[0143] PGR was performed on 15 human prostate samples to determine PSM gene expression. Five sevnples each 
from normal prostate tissue, benign prostatic hyperplasia, and prostate cancer were used (histology confirmed by MSKCC 
Pathology Department). 

[01 44] 1 0M.g of total RNA from each sample weis reverse transcribed to made cONA template as previously described 
so in section IV. The primers used corresponded to the S' and 3' ends of our 1.1 kb'partial cONA. tN-20. and therefore the 
expected size of the amplified band is 1 .1 kb. Since the of our primers is 64''G we annealed the primers in our PGR 
at 60"C. We carried out the PGR for 35 cycles using the same conditions prevtously described in section IV. 
[01 45] LNCaP and H26 - Ras transfected UMCaP (29) were included as a positive control and DLJ-145 as a negative 
control. 1 4/1 5 samples clearly amplified the 1 . 1 kb band and therefore express the gene. 

25 

Experimental Results 

(01 46] The gene whteh encodes the 1 0OkD PSM antigen has been identified. The complete cONA sequence is shown 
in Sequence ID #1. Underneath that nucleic acid sequence is the predicted translated amino acid sequence. The totad 

30 number of the amino acids is 750. ID #2. The hydrophilictty of the predicted protein sequence is shown in Rgure 16. 
Shown in Rgure 1 7 are three peptides with the highest point of hydrophiltcity. They are: Asp-Gtu-Leu-Lys-Ala-Glu (SEQ 
ID No. 35): Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID No. 36; and Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID No. 37). 
[0147] Bythe method of Klein. Kanehisa and DeLisl. a spectficmembrane-spanning domain Is identified. The sequence 
is from the amino acid #19 to amino add #44: Ala-Gly-Ala-Leu-Val-Leu-Aal-Gly-Gly-Phe-Phe-Leu-Leu-Gly-Phe-Leu- 

3S Phe (SEQ ID No. 38). 

[01 48] This predicted membrane-spanning domain was computed on PC Gene (computer software program). This 
data enables prediction of inner and outer membrane domains of the PSM antigen which aids in designing antibodies 
for uses in targeting and imaging prostate cancer. 

[0149] When the PSM antigen sequence with other known sequences of the GeneBank were compared, homology 
^ between the PSM antigen sequence and the transferrin receptor sequence were found. The data are showm In Figure 1 B. 

Experimental Discussions 

Potential Uses for PSM Antigen: 

45 

1. Tumor detection: 

Microscopic: 

so [0150] Unambiguous tumor designation can be accomplished by use of probes for different antigens. For prostatic 
cancer, the PSM antigen probe may prove benefteial. Thus PSM could be used for diagnostic purposes and this could 
- be accomplished at the microscopic level using in-situ hybridization using sense (control) and antisense probes derived 
from the coding region of the cDNA cloned by the applicants. This could be used in assessment of local extraprostatic 
extension, involvement of lymph node, bone or other metastatic sites. As bone me tasta sis presents a m^or problem In 

ss prostatic cancer, earty detection of metastatic spread is required especially for staging. In some tumors detection of 
tumor cells in bone manrow portends a grim prognosis and suggests that interventions aimed at metastasis be tried. 
Detection of PSM antigen expression In bone marrow aspirates or sections may provide such early Information. PGR 
amplification or in-situ hybridization may be used. This could be developed for any possible metastatic region. 
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2. Antigenic site 'identiTtcation 

[01 51) The knowledge of the cDNA for the antigen also provides for the identiTication of areas that would serve as 
good antigens for the development of antibodies for use against spedfic amino add sequences of the antigen. Such 
5 sequences may be at different regions such as outside, membrane or inside of the PSM antigen. The development of 
these specific antibodies would provide for immunohistocftemical identification of the antigen. These derived antibodies 
could then be developed for use, especially ones that work in paraffin fixed sections as well as frozen section as they 
have the greatest utility for immunodiagnosis. 

10 3. Restriction fragment length polymorphism and genomic DMA 

[01 52] Restriction fragment length polymorphisms (RFLPS) have proven to be useftd in documenting the progression 
of genetic damage that ocxurs during tumor initiation and promotion, it may be that RFLP analysis will demortstrate that 
changes in PSM sequence restriction mapping may provide evidence of predisposition to risic or malignant potential or 
IS progression of the prostatic tumor. 

[0153] Depending on the chromosomal location of the PSM antigen, the PSM antigen gene may serve as a useful 
chromosome location marker for chromosome analysts. 

4. Serum 

20 

[01 54] With the development of antigen specific antibodies, if the antigen or selected antigen fragments appear in the 
serum they may provide for a serum marker for the presence of metastatic disease and be useful Indhrtdually or in 
combination with other prostate specific markers. 

25 5. Imaging 

[0155] As the cDNA sequence implies that the antigen has the characteristics of a membrane spanning protein with 
the majority of the protein on the exof adal surface, antibodies, especially monoclonal antibodies to the peptide fragments 
exposed and spedfic to the tumor may provide for tumor imaging tocal extension of metastatic tumor or residual tumor 
30 following prostatectomy or irradiation. The knowledge of the coding region pemnits the generation of monodoned anti- 
bodies and these can tie used in combination to provide for maximal ima^ng purposes. Because the antigen shares a 
similarity with the transferrin receptor based on cDNA anat^is (approximately 54%). It may be that there is a spectne 
normal llgand for this antigen and that Identification of the ngand(s) would provide another means of Imaging. 

35 6. Isolation of iigands 

[0156] The PSM antigen can be used to isolate tiie normal ligand(s) that bind to it These ligand(s) depending on 
specificity may be used for targeting, or their serum levels may be predictive of disease status. If it is found that the 
normal ligand for PSM is a earner molecule then it may be that PSM could be used to bind to that ligand for therapy 
40 purposes (like an iron chelating sut>stance) to help remove the ligand from the drculation. If the ligand promotes tumor 
growth or metastasis then providing soluble PSM antigen would remove the Hgand from binding the prostate. Knowledge 
of PSM antigen structure could lend to generation of small fragment that binds ligand whteh could serve the same purpose. 

7. Therapeutic uses 

45 

[01 57] a) Ligands. The knowledge that the cDNA structure of PSM antigen shares structural homology with the trans- 
ferrin receptor (54% on the nucleic acid level) implies that there may be an endogenous ligand tor the receptor that may 
or may not be transferrin-like. Transfemn is thought to be a ligand that transports iron into the cell after binding to the 
transferrin receptor. However, apotransferrin is being reported to be a growth factor for some ceHs which express the 
so transferrin receptor (30). Whether transfenin is a ligand for this antigen or some other ligand binds to this ligand remains 
to be determined. If a ligand is identified it may carry a specific substance such as a metal ion Qron or zinc or other) into 
the tumor and thus serve as a means to deliver toxic substances (radioactive or ^otoxic chemical i.e. toxin like rfcin or 
cytotoxic alkylating agent or cytotoxic prodnig) to the tumor. 

[0158] The main metastatic site for prostatic tumor is the bone. The bone and bone stroma are rich in transferrin. 
55 Recent studies suggest that this microenvironment is what provides the right 'soir for prostatic metastasis in the bone 
(31). It may be that this also promotes attachment as well, these factors which reduce this abiPity may diminish prostatic 
metastasis to the bone and prostatic metastatic growth in the bone. 

[01 59] It was found that the ligand for the new antigen (thought to be an oncogene and marker of mafignant phenotype 
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in breast carcinoma) served to induce differentiation of breast cancer cells and thus could serve as a treatment for rather 
than promoter of the disease. It may be that flgand binding to the right region of PSM whether with natural iigand or with 
an antibody may serve a similar function. 

[01 60] Antibodies against PSM antigen coupled with a cytotoxic agent will be useful to eliminate prostate cancer cells. 
Transfenln receptor antibodies with toxin conjugates are cytotoxic to a number of tumor cells as tumor cells tend to 
express increased levels of transferrin receptor (32). Transfenin receptors take up molecules into the ceil by endocytoas. 
Antibody drug combinations can be toxia Transferrin linked toxin can be toxic. 

[0161] b) Antibodies against PSM antigen coupled with a cytotoxic agent will be useful to eHminate prostate cancer 
cells. The cytotoxic agent may be a radioisotope or toxin as known in ordinary skill of the art. The Pinkage of the antibody 
and the toxin or radioisotope can be chemical. Examples of direct linked toxins are doxorub'cin, chlorambucil, ricin. 
pseudomonas exotoxin etc., or a hybrid toxin can be generated % with specificity for PSM and the other Vt with speciTidty 
for the toxin. Such a bivalent molecule can serve to bind to the tumor and the other to deliver a cytotoxic to the tumor 
or to bind to and acth/ate a cytotoxk; lymphocyte sucrfi as binding to the T, - T3 receptor complex. Antibodies of required 
specificfty can also be cloned into T cells and by replacing the iromunoglobulin domain of the T cell receptor (TcR); 
cloning in the desired MAb heavy and light chains; splicing the Uh and Ul gene segments with the constant regions of 
ttie a and P TCR chains and transfecting these chimeric Ab/T cR genes in the patients' T celte. propagating these hybrid 
cells and infusing them into the patient (33). Specric knowledge of tissue specific antigens for targets and generation 
of MAb's specific for such targets will help make this a usable approach. Because the PSM antigen coding region provides 
knowledge of the entire coding region, it is possible to generate a number of antibodies which could then be used in 
combination to achieve an additive or synergistic anti-tumor action. The antibodies can be linked to enzymes which can 
activate non-toxic prodrugs at its site of the tumor such as ^-carboxypeptidase and 4-(bis(2 chtoroethyOamino)benzoyl- 
a-glutamlc acid and its active parent drug In mice (34). 

[01 62] It is possible to produce a toxic genetic chimera such as TP-40 a genetic recombinant that possesses the cONA 
from TG F-a^ha and the toxic portion of pseudomonas exotoxin so the TGF and portion of the hybrid binds the epidermal 
. growth factor receptor (EGFR) and the pseudomonas portion gets taken up into the cell enzymaticaily and inactivates 
the ribosomes stbility to perform protein synthesis resulting in cell death. When we know the ligand for the PSM antigen 
we can do the same. 

[01 63] In additton, once the ligand for the PSM antigen is Identified, toxin can be chemteally conjugated to the ngands. 
Such conjugated ligands can be therapeutically useful. Examples of the toxins are daunomycin, chlorambuciL ridn. 
pseudomonas exotoxin, etc. Altematively, chimeric construct can be created linking the cOIMA of the figand with Vha 
cDNA of the toxin. An example of such toxin is TGFa and pseudomonas exotoxin (35). 

8. Ottiers 

[0164] The PSM antigen may have other uses, it is well known that the prostate is rich in zinc, if the antigen provides 
function relative to this or oOier biologic function the PSM antigen may provide for utility in the treatment of other prostatic 
pathologies such as benign hyperplastic growth and/or prostatitis. 

[0165] Because purified PSM antigen can be generated, the purified PSM antigen can be linked to beads and use it 
like a standard 'affinity' puriffeation. Serum, urine or other biological samples can be used to incubate with the PSM 
antigen bound onto beads. The beads may be washed tiioroughly and then eluted with salt or pH gradient The eluted 
material Is SOS gel purified and used as a sample for mterosequendng. The sequences wUI be compared with other 
known proteins and If unique, the technique of degenerated PCR can be employed for obtaining the ngand. Once known, 
the affinity of the ligand will be detennined by standard protiscols (15). 
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Second Series of ExperimentB 

Expression of the Prostate-Specific Membrane Antigen 

[01 67] Applicant's have recently cloned a 2.65 kb complementary DNA encoding PSM, the prostate-specific membrane 
antigen recognized by the 7E1 1 •C5.3 anti-prostate monoclonal antibody. Immunohlstochemical analysis of the U^CaP, 
OU-1 45. and PC-3 prostate cancer cell lines for PSM expression using the 7E1 1 -C5.3 antibody reveals intense staining 
in the USICaP cells, with no detectable expression in both the DU-145 and PC-3 cells. Coupled in-vitro transcription/ 
translation of the 2.65 kb full-length PSM cONA yields an 84 kOa protein corresponding to the predteted polypeptide 
molecular weight of PSM. Post-translational modification of this protein with pancreatic canine microsomes yields the 
expected 100 kDa PSM antigen. Following transfection of PC-3 cells with the full-length PSM cDNA In a eukaryotic 
expression vector applicant's detect expression of the PSM glycoprotein by Western analysis using the 7E11-C5.3 
monoclonal antibody. Ribonuclease protection analysis demonstrates that the expression of PSM mRNA is almost 
entirely prostate-specific in human tissues. PSM expression appears to be bluest in hormone-deprived states and Is 
honmonaily modulated by steroids, with DHT downregulating PSM expression in the human prostate cancer cell tine 
LNCaP by 8-10 fold, testosterone downregulating PSM by 3-4 fold, and corticosteroids showing no significant effect 
Normal and malignant prostatic tissues consistently show high PSM expression, whereas we have noted heterogeneous, 
and at times absent, expression of PSM in benign prostatic hyperplasia. LNCaP tumors implanted and grown both 
orthotopicaiiy and subcutaneously in nude mice, abundantiy express PSM providing an excellent in-vivo model system 
to study the regulation and modulation of PSM expression. 
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Experimental Details 
Materials and Methods 
5 Cells and Reagents: 

[0168] The LNCaP. DU-145. and PC-3 cell lines were obtained from the American Type Culture Collection. Details 
regarding the establishment and characteristics of these cell lines have been previously published (5A. 7A, BA). Unless 
specified otherwise, LNCaP cells were grown in RPM1 1640 media supplemented with L-glutamine. nonessential amino 
10 adds, and 5% fetal calf serum (Gibco-BRL, Gaithersburg, MO.) in a CO2 incubator at 370. OU-1 45 and PC-3 cells were 
grown in minimal essential medium supplemented with 10% fetal calf serum. All ceD media were obtained from the 
MSKCC Media Preparation Facility. Restriction and modifying enzymes were purchased from Gibco-BRL unless other- 
wise specified. 

15 Immunohistochemtcal Detection of PSM 

[0169] We employed the avidin-biotin method of detection to analyze prostate cancer cell lines for PSM antigen 
expression (9A}. Cell cytospins were made on glass slides using 5x1 0^ cells/1 OOul per slide. Slides were washed twice 
with PBS and then incubated with the appropriate suppressor serum for 20 minutes. The suppressor serum was drained 
20 off and the cells were incubated with diluted 7E11-C5.3 (5g/ml) monoclonal antibody for 1 hour. Samples were then 
washed with PBS and sequentially incubated with secondary antibodies for 30 minutes and with avidin-biotin complexes 
for 30 minutes. Diaminobenzidlne served as our chromogen and color development followed t>y hematoxylin counter- 
staining and mounting. Duplicate cell cytospins were used as controls for each experiment. As a positive control, the 
anti-cytokeratin monoclonal antibody CAM 5.2 was used following the same procedure described above. {Human EJ 
bladder carcinoma cells served as a negative control 

In-Vitro Transcription/Translation of PSM Antigen 

[01 70] Plasmid 55A containing thefull Iength2.65 kb PSM cDNA in the plasmid pSPORT 1 (Gibco-BRL) was transcn*bed 
30 in-vitro using the Promega TNT system (Promega Corp. Madison, Wl). T7 RNA polymerase was added to the cONA in 
a reaction mixture containing rabbit reticulocyte lysate. an amino acid mixture lacking methionine, buffer, and ^S- 
Methlonine (Amersham) and incubated at 30C for 90 minutes. Post-translatlonal modification of the resulting protein 
was accompnshed by the addition of pancreatic canine microsomes into the reaction mixture (Promega Corp. Madison, 
Wl.). Protein products were analyzed by electrophoresis on 10% SDS-PAGE gels which were subsequently treated with 
35 Amplify autoradiography enhancer (Amersham, Arlington Heights, IL) according to the manufacturers instructions and 
dried at 80C in a vacuum dryer. Gels were autoradiographed overnight at -70C using Hyperfilm MP (Amersham). 

Transfectlon of PSM Into PC-3 Cells 

-<o [0171] The full length PSM cONA was subcloned into the pREP7 eukaryotic expression vector (Invitrogen. San Diego, 
CA.). Plasmid DNA was purified from transformed DH5-alpha bacteria (Gibco-BRL) using Qiagen maxi-prep plasmid 
isolation columns (Qiagen Inc., Chatsworth, CA.). Purified plasmid DNA (6-1 Og) was diluted with 900ul of Optimem 
media (Gibco-BRL) and mixed with 30ul of Lipofectin reagent (Gibco-BRL) which had been previously diluted with 9001 
of Optimem media. This mixture was added to T-75 flasks of 40-50% confluent PC-3 cells in Optimem media. After 

^ 24-36 hours, cells were trypsinized and spirt into 1 00mm dishes containing RPM1 1 640 media supplemented with 1 0% 
fetal calf serum and 1 mg/mi of Hygromycin B (Calbiochem, La Jolla, CA.). The dose of Hygromycin B used was previous^ 
determined by a time course/dose response cytotoxicity assay. Cells were maintained in this media for 2-3 weeks with 
changes of media and Hygromycin B every 4-5 days until discrete colonies appeared. Colonies were isolated using 
6mm cloning cylinders and expanded In the same media. As a control, PC-3 cells were also transfected with the pREP7 

so. plasmid alone. RNA was isolated from the transfected cells and PSM mRNA expression was detected by both RNase 
Protection analysis (descritied later) and by Norttiem analysis. 

Western Blot Detection of PSM Expression 

S5 [0172] Crude protein lysates were tsolatedfrom LNCaP, PC-3, and PSM-transfected PC-3 cells as previously described 
(10A). LNCaP cell membranes were also isolated according to published methods (10A). Protein concentrations were 
quantitated by the Bradford method using the BioRad protein reagent kit (BioRad, Richmond, CA.). Following denatur- 
ation, 20g of protein was electrophoresed on a 1 0% SDS-PAGE gel at 25 mA for 4 houre. Gels were electroblotted onto 
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Immobilon P membranes (Millipore, Bedford, MA.) overnight at 4C. Membranes were blocked in 0.15M NaCi/O.OlM 
Tris-HC! (TS) plus 5% BSA followed by a ^ hour incubation with 7E11-C5.3 monoclonal antibody (lOg/ml). Blots were 
washed 4 times with 0.15M NaCl/O.OlM Tris-HCl/0.05% Triton-X 100 (TS-X) and incubated for 1 hour with rabbit anti- 
mouse IgG (Accurate Scientific. Westbury. N.Y.) at a concentration of 10g/!ml. 

[01 73} Blots were then washed 4 times with TS-X and labeled with i25|.proteln A (Amersham. Arlington Heights. IL) 
at a concentration of 1 million cpnVml. Blots were then washed 4 times with TS-X and dried on Whatman 3MM paper, 
followed by overnight autoradiography at -70C using Hyperf ilm MP (Amersham). 

[01 74] Orthotopic and Subcutaneous LNCaP Tumor Growth in Nude Mice LNCaP cells were harvested from sub- 
confluent cultures by a one minute exposure to a solution of 0.25% trypsin and 0.02% EDTA. Cells were resuspended 
in RPMJ 1 640 media with 5% fetal bovine senjm, washed and diluted in either Matrigel (Collaborative Biomedical Products. 
Bedford. MA.) orcalcium and magnesium-free Hank's balanced salt solution (HESS). Only single cell suspensions with 
greater than 90% viability by trypan blue exclusion were used for in vh/o injection. Male athymic Swiss (nu/nu) nude 
mice 4-6 weeks of age were obtainedf rom the Memorial Sloan-Kettering Cancer Center Animal Facility. For subcutaneous 
tumor cell injection one million LNCaP cells resuspended in 0.2 mis. of Matrigel were injected Into the hindlimb of each 
mouse using a disposable syringe fitted with a 28 gauge needle. For orthotopk: injecfion, mice were flist anesthetized 
with an intraperitoneal injection of Pentobarbital and placed in the supine position. The abdomen was cleansed with 
Betadine and the prostate was exposed through a midline incision. 2.5 million LNCaP tumor cells in 0.1 ml. were Injected 
directly into either posterior lobe using a 1 ml disposable syringe and a 28 gauge needle. LNCaP celte with and without 
Matrigel were injected. Abdominal dosure was achievedin one layer using Autoclip woundclips (Clay Adams, Parslppany. 
N.J.). Tumors were harvested in 6-8 weeks, conflmned histologically by faculty of the Memorial Sloan-Kettering Cancer 
Center Pathology Department, and frozen In fiquid nitrogen for subsequent RNA isolation. 

RNA Isolation 

[0175] Total cellular RNA was isolated from cells and tissues by standard techniques (11,12) as well as by using 
RNAzol B (Cinna/Biotecx, {Houston, TX.). RNA concentrations and quality were assessed by UV spectroscopy on a 
Beckman DU 640 spectrophotometer and by gel analysis. Human tissue total RNA samples were purchased from 
Ctontech Laboratories, inc., Palo Alto, CA. 

RIbonuclease Protection Assays 

[01 76] A portion of the PSM cDNA was subdoned into the plasmid vector pSPORT 1 (GIbco-BRL) and the orientation 
of the cDNA insert relative to the flanking T7 and SP6 RNA polymerase promoters was verified by restriction analysis. 
Linearization of this plasmid upstream of the PSM Insert followed by transcription with SP6 RNA polymerase yields a 
400 nucleotide antisense RNA probe, of which 350 nucleotides should be protected from RNase digestion by PSM RNA. 
This probe was used in figure 20. Plasmid IN-20. containing a 1 kb partial PSM cDNA in the plasmid pCR II (Invitrogen) 
was also used for riboprobe synthesis. lN-20 linearized with Xmn I (Gibco-BRL) yields a 298 nucleotide anti-sense RNA 
probe when transcribed using SP6 RNA polymerase, of which 260 nucleotides should be protected from RNase digestion 
by PSM mRNA. This probe was used In figures 21 and 22. Probes were synthesized using SP6 RNA polymerase (Gibco- 
BRL). rNTTPs (Gibco-BRL). RNAsin (Promega). and 32P-rCTP (NEN. Wilmington. DE.) aocofding to published protocols 
(13). Probes were purified over NENSORB 20 purification columns (NEN) and approximately 1 milfion cpm of purified, 
radiolabeled PSM probe was mixed with lOg of each RNA and hybridized overnight at 45C using buffers and reagents 
from the RPA II kit (Ambion, Austin. TX). Samples were processed as per manufacbjrer's instructions and analyzed on 
5% polyacrilamide/7M urea denaturing gels using Seq ACRYL reagents (ISS. Natick. MA.). Gels were pre-heated to 
55C and run for approximately 1-2 hours at 25 watts. Gels were then fixed for 30 minutes in 10% methanol/1C% acetic 
add, dried onto vyfliatman 3MM paper at 80C in a BioRad vacuum dryer and autoradlographed ovemight with Hyperfilm 
MP (Amersham) . Quantitation of PSM expression was detemiined by using a scanning laser densitometer (LKB. Pis- 
cataway. NJ.). 

Steroid Modulation Experiment 

[0177] LNCaP cells (2 million) were plated onto T-75 flasks In RPMI 1640 media supplemented with 5% fetal calf 
serum and grown 24 hours until approximately 30-40% confluent Flasks were then washed several times with phophate- 
buffered saline and RPMI medium supplemented with 5% charcoal-extracted serum was added. Cells were then grown 
for another 24 houra, at which time dihydrotesterone, testosterone, estradiol, progesterone, and dexamethasone (Ster- 
aloids Inc., Wilton, NH.) were added at a final concentration of 2 nM. Cells were grown for another 24 hours and RNA 
was then harvested as previously described and PSM expression analyzed by ribonuclease protection analysis. 



EP 0 668 777 B1 



Experimental Resufts 

Immunohlstochemteal Detection of PSM: 

5 [0178] Using the 7E11-C5.3 anti-PSM monoclonal antibody, PSM expression *e clearly detectable in ttie LNCaP 
prostate cancer cell fine, but not in the PC-3 and DU-145 cell lines (figure 17) in agreement with previously published 
results (4A). All nomial and malignant prostatic tissues analyzed stained positively tor PSM expression (unpublished 
data). 

10 In-Vitro Transcription/Translation of PSM Antigen: 

[01 79] As showfn in figure 1 B. coupled in-vitro transcription/translation of the 2.65 kb full-length PSM cDNA yields an 
84 kDa protein species in agreement with the expected protein product from the 750 amino acid PSM open reading 
frame. Following post-translatlonal modification using pancreatic canine microsomes we obtained a 1 CO kOa glycosylated 
>5 protein species consistent with the mature, native PSM antigen. 

Detection of PSM Antigen In LNCaP Cell Membranes and Transfected PC-3 Cells: 

[0180] PC-3 cells transfected with the full length PSM cDNA in the pREP7 expression vector were assayed for ex- 
20 pression of SM mRNA by Northem analysis (data not shown). A clone with high P^M mRNA expression was selected 
for PSM antigen analysis by Western blotting using the 7E11-C5.3 antibody. In figure 19. the 100 kDa PSM antigen is 
well expressed In LNCaP cell lysate and membrane fractions, as well as in PSM-transfected PC-3 cells but not In native 
PC-3 cells. This detectable expression in the transfected PC-3 cells proves that the previously cloned 2.65 kb PSM 
cDNA encodes the antigen recognized by the 7E1 1 -C5.3 anti-prostate monoclonal antibody and that the antigen is being 
2S appropriately glycosylated In the PC-3 cells, since the antibody recognizes a caibohydrate-containing epitope on PSM. 

PSM mRNA Expression: 

[01 81] Expression of PSM mRNA in normal human tissues was analyzed using ribonudease protection assays. Tissue 
30 expression of PSM appears predominantly within the prostate, with very low levels of expresston detectable In human 
brain and salivary gland (figure 20). No detectable PSM mRNA expression was evident In non-prostatic human tissues 
when analyzed by Norttiem analysis (data not shown). We have also noted on occasion detectable PSM expression in 
nomial human small intestine tissue, however this mRNA expression Is variable depending upon the specific riboprobe 
used (data not shown) . All samples of normal human prostate and human prostatic adenocarcinoma assayed have 
3S reveaied clearly detectable PSM expression, whereas we have noted generally decreased or absent expression of PSM 
in tissues exhibiting benign hyperplasia (figure 21). In human LNCaP tumors grown both orthotopically and subcutane- 
ously in nude mice we detected abundant PSM expression with or wittioutthe use of matrigel. whteh is required for the 
growth of subcutaneously implanted LNCaP cells (figure 21). PSM mRNA expresston is distinctly modulated by the 
presence of steroids in physiologic doses (figure 22). DHT downregulated expression by 8-10 fold after 24 hours and 
testosterone diminished PSM expression by 3-4 fold. Estradiol and progesterone also downregulated PSM expression 
in LNCaP cells, perhaps as a result of binding to the mutated androgen receptor known to exist in the LNCaP celL 
Overall, PSM expression is highest in the untreated LNCaP cells grown in steroid-depleted media, a situation that we 
propose simulates the homnone-deprived (castrate) state In-vivo. This experiment was repeated at steroid dosages 
ranging from 2-200 nM and at time points from 6 hours to 7 days with similar results; maximal downregulation of PSM 
45 mRNA was seen with DHT at 24 hours at doses of 2-20 nM. 

Experimental Discussion 

(01 82J In order to better understand the biology of the human prostate in both normal and neoplastic states, we need 
so. to enhance our knowledge by studying the various proteins and other features that are unique to this important gland. 
Previous research has provided two valuable prostatic bio-mari<eis, PAP and PSA, both of which have had a signiTicant 
impact on the diagnosis, treatment, and management of prostate malignancies. Our present wori< describiiig the pre- 
liminary characterization of the prostate-specific membrane antigen (PSM) reveals it to be a gene with many interesting 
features. PSM is almost entirely prostate-specmc as are PAP and PSA, and as such may enable further deHneation of 
ss the unique functions and behavior of the prostate. The predteted sequence of the PSM protein (3) and its presence in 
the LNCaP cell membrane as determined by Westem blotting and immunohistochemistiy, indicate that It is an Integra 
membrane protein. Thus, PSM provides an attractive cell surface epitope for antibody-directed diagnostic imaging and 
cytotoxic targeting modalities (14). The ability to synthesize tiie PSM antigen in-vitro and to produce tumor xenografts 
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maintaining high levels of PSM expression provides us with a convenient and attractive model system to further study 
and characterize the regulation and modulation of PSM expression. Also, the high level of PSM expression in the LNCaP 
cells provides an excellent in-vrtro model system. Since PSM expression is hormonally-responsive to steroids and may 
be highly expressed in homione-refractory disease (15), it is imperative to elucidate the potential role of PSM in the 
evolution of androgen-independent prostate cancer. The detection of PSM mRNA expression in minute quantities in 
brain, salivary gland, and small intestine warrants further investigation, although these tissues were negative for expres- 
sion of PSM antigen by immunohistochemistry using the 7E11-C5.3 antibody (16). In ail of these tissues, particularly 
small intestine, we detected mRNA expression using a probe cooesponding to a region of the PSM cDNA near the 3* 
end. whereas we were unable to detect expression when using a 5" end PSM probe. These results may indicate that 
the PSM mRNA transcrpt undei^es alternative splicing in different tissues. Previois protein studies have suggested 
that the 7E11 -CS.3 antibody may actually detect two other slightly larger protein spedes in addition to the 1 00 kDa PSM 
antigen (1 7). These other protein species can be seen in the LNCaP lysate and membrane samples in figure 1 9. Possible 
origins of these proteins include alternatively spliced PSM mRNA, other genes distinct from but closely related to PSM. 
or different post-translational modiTications of the PSM protein. We are currently investigating these possibiltties. 
[0183] Appficnafs approach is based on prostate tissue spec'iRc promotorenzyme or cytokine chimeras. We wiO 
examine promoter specific activation of prodrugs such as non toxic gancyclovir whteh is converted to a toxic metabolite 
by herpes simplex thymidine kinase or the prodrug 4-(bis{2chloroethyl)amino)benzoyH-glutamfc add to »ie benzok: 
add mustard alkylating agent by ttie pseudomonas carboxy peptidase G2. As these dmgs are activated by the enz^ne 
(chimera) specifically In the tumor the active drug is released only k>cally In ttie tumor environment, destroying the 
surrounding tumor cells. We will also examine the promoter spec'ific activatkan of cytokines such as IL-12. IL-2 or GM- 
CSF for activation and specific antitumor vaccination. l.astiy the tissue specific promoter activation of cellular death 
genes may also prove to be useful In this area. 

Gene Therapy Chimeras 

[01 841 The establishment of 'chimeric DNAMor gene tfienapy requires ttie joining of different segments of DNA together 
to make a new DNA that has characteristics of both precursor DNA spedes involved In ttie linkage. In ttiis proposal ttie 
two pieces being linked involve different functional aspects of DNA. the promoter region whteh allows for the reading of 
ttie DNA for the fomiation of mRNA will provide specificity and ttte DNA sequence coding for the mRNA will provide for 
therapeutk: functional DNA. 

DNA-Speclfled Enzyme or Cytokine mRNA: 

[01 BSJ When effective, antitumor dnjgs can cause the regression of very large amounts of tumor. The main require- 
ments for antitumor drug activity is the requirement to achieve both a long enough time (t) and high enough concentration 
(c) (cxt) of exposure of the tumor to the toxic drug to assure suffiderrt cell damage for cefl death to occur. The dnjg also 
must be "active" and ttie toxicity for ttie tumor greater than for the hosts normal cells (22). The availabifity of the dmg to 
the tumor depends on tumor blood flow and the drugs diffusion ability. Blood flow to the tumor does not provide for 
selectivity as blood flow to many normal tissues is often as great or greater than that to the tumor. The majority of 
chemotherapeutic cytotoxfc drugs are often as toxic to normal tissue as to tumor tissue. Dividing ceils are often more 
sensitive than non-dividing normal cells, but in many slow growing solid tumors such as prostatic cancer this does not 
provide for antitumor specificity (22). 

[01 86] Previously a means to increase tumor specificity of antitumor drugs was to utilize tumor assodated enzymes 
to activate nontoxic prodrugs to cytotoxic agents (1 9). A problem witti this approach was ttiat most of ttie enzymes found 
in tumors were not totally specific in their activity and similar substrate active enzymes or the same enzyme at only 
slightiy lower amounts was found in other tissue and thus nonnal tissues were still at risk for damage. 
[0187] To provide absolute spedfidty and unique activity, viral, bacterial and fungal enzymes which have unique 
specrficity for selected prodmgs were found which were not present in human or ottier animal cells. Attempts to utifize 
enzymes such as hevpes simplex ttiymidine kinase, bacterial cytosine deaminase and carboxypeptidase G-2 were linked 
to antibody targeting systems witti modest success (19). Unfortunately, antibody targeted enzymes limit the number of 
enzymes available per cell. Also, most antibodies do not have a high tumor target to normal tissue ratio thus normal 
tissues are still exposed reducing the specifidty of these unique enzymes. Antibodies are large molecules that have 
poor diffusion properties and the addition of the enzymes molecular weight further reduces the antibodies diffusion. 
[01 88] Gene tt^erapy could produce the best desired result If it could achieve ttie specific expression of a protein in 
the tumor and not nonnai tissue in order ttiat a high local concentration of the enzyme be available for the production 
in the tumor environment of active drug (21). 
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Cytokines: 

[0189] ApplicanrsresearchgrouphasdemonstratedthatAppfcanrscanspecfficalVandnon-toxto^^^ 

of an established tumor. In models of bladder or prostate cancer. The prostate cancer was the more difficult to cure 

5 especially If it was grown orthotopically In the prostate. , .k 

[0190] Our work demonstrated that tumors such as the bladder and prostate were not immunogenic that is the 
administration of irradiated tumor cells to the animal prior to subsequent administration of non-irradiated tumor cells did 
not result in a reduction of either the number of tumor cells to produce a tumor nor did it reduce the growth rate of the 
tumor But if the tumor was transfected with a retrovirus and secreted large concentrations of cytoldnes such as li-2 then 

10 this could act as an antitumor vaccine and could also reduce the grovrth potential of an already estabfished and growing 
tumor. IL-2 was the best. GM-CSF also had activity whereas a number of other cytokines were much less active. In 
clinical studies just using IL-2 for immunostimulation, very large concentrations had to be given which proved to be toxic. 
The key to the success of the cytokine gene modified tumor cell is that ttie cytokine is produced at the tumor site locally 
and Is not toxic and that it stimulates Immune recognition of the tumor, and allows specific and non toxic recognition and 

15 destmction of the tumor. The exact mechanisms of how IL-2 production by the tumor cell activates immune recognition 
is not funy understood, but one explanation is that it bypasses the need for cytokine production by helper T cells and 
directly stimulates tumor antigen activated cytotoxic CDS cells. Activation of antigen presenting cells may also occur. 

Tissue Promotor-Specific Chimera DNA Activation 

so 

Non-Prostatie Tumor Systems: 

[01 91] It has been observed in non-prostatic tumors that the use of promoter specific acthration can selectively lead 
to tissue specific gene expression of the transfected gene. In melanoma the use of the tyrosinase promotor which codes 

^ for the enzyme responsible for melanin expression produced over a 50 fold greater expression of the promotor driven 
reporter gene expression in melanoma cells and not non melanoma cells. Similar specifte ectivaBon was seen in the 
melanoma cells transfected when they were growing in mice. In that experiment no non-melanoma or melanocyte ceU 
expressed the tyrosinase drive reporter gene product. The researoh group at Weteome Laboratories have cloned and 
sequenced the promoter region of the gene coding for cardnoembryonte antigen (CEA). CEA is expressed on coton 

30 and colon carcinoma cells but specifically on metastatic cytosine deaminase whteh converts 5 flurorocytosine Into 5 
fluorouradl and observed a large increase in the ability to selectively kill CEA promotor driven colon tumor cells but non 
dividing not dividing normal liver cells. In vivo they observed that bystander tumor cells whfeh were not transfected with 
the cytosine deaminase gene were also killed, and that there was no toxicity to ttie host animal as the large tumors were 
regressing following treatment. Herpes simplex virus. (HSV). thymidine kinase similarly activates the prodrug gancyciovir 

35 to be toxic towards dividing cancer cells and HSV thymidine kinase has been shown to be specifically actlvatable by 
tissue specific promoters. 

Prostatic Tumor Systems: 

40 [01 92] The therapeutte key to effective cancer therapy is to achieve specificity and spare the patient toxicity. Gene 
therapy may provide a key part to specificity in that nonessential tissues such as the prostate and prostatic tumore 
produce tissue specific proteins, such as acid phosphatase (PAP), prostate specific antigen (PSA), and a gene which 
we cloned, prostate-specific membrane antigen (PSM). Tissues such as the prostate contain selected tissue specric 
transcription factors whfeh are responsible for binding to the promoter region of the DNA of these tissue specific mRNA. 

<s The promoter for PSA has been cloned and we are investigating its use as a prostate specie promotor for prostatto 
tumor cells. Usually patients who are being treated for metastatic prostatic cancer have been put on androgen deprivation 
therapy which dramatically reduces the expression of mRNA for PSA. PSM on the other hand Increases in expresston 
with hormone deprivation whteh-means it would be even more intensely expressed on patients beingtreated with homnone 
therapy. Preliminary work In collaboration with Dr. John Isaacs' Laboratory demonstrates that PSM is expressed when 

so the human chromosome region containing the human PSM gene is transfen-ed to the rattumor AT-6. AT-6 is a metastatic 
androgen independent tumor. The same chromosome transferred into non prostate derh^ed tissues or tumors is not 
expressed and thus these cells could be used as an animal model for these experiments. PSA, PSM positive Human 
LNCaP cells will be used for testing in nude mtee. 

55 References of the Second Series of Experiments 
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Third Series of Experiments 
IS ) 

Sensitive Detection of Prostatic Hematogenous Mlcrometastases Using PSA and PSfi/l-Derlved Primers in the 
Polymerase Chain Reaction 

[0194] We have developed a PCR-based assay enabling sensitive detection of. hematogenous mterometastases in 
20 patients with prostate cancer. We performed 'nested PCR". amplifying mRNA sequences unique to prostate-specific 
antigen and to the prostate-speciTic membrane antigen, and have compared their respective results. Micrametastases 
weiB detected in 2/30 patients (6.7%) by PCR with PSA-derived primers, while PSM-deilved primers detected tumor 
cells in 1 9/1 6 patients (63.3%). All 8 negative controls were negative with both PSA and PSM PCR. Assays were repeated 
to confirm results, and PCR products were verified by DNA sequendng and Southern analysis. Patients harboring 
25 circulating prostafic tumor cells as detected by PSM. and not by PSA-PCR included 4 patients previously treated with 
radical prostatectomy and wrfth non-measurable semm PSA levels at the time of this assay. The significance of these 
findings with respect to future disease recunence and progression will be investigated. 

[01 95] Improvement In the overafl survival of patients with prostate cancwwHI depend upon earner diagnosis. Localized 
disease, without evidence of extra-prostatic spread, is successfully treated with either radical prostatectomy or external 

30 beam radiation, with excellent long-tenn results (2.3). The major problem is that approximately two-ttitrds of men diag- 
nosed with prostate cancer already have evidence of advanced extra-prostatic spread at the tJme of diagnoas, for which 
there is at present no cure (4). The use of clinical semm maricers such as prostate-specific antigen (PSA) and prostatic 
add phosphatase (PAP) have enabled dlnicians to detect prostatic carcinomas eartierand provide useful parameters 
to follow responses to therapy (5). Yet. despite ttie advent of sensitive serum PSA assays, radionuclide bone scans, CT 

35 scans and other Imaging modalities, we are still unable to detect ttie presence of micrometastatic cells prior to ttieir 
establishment of solid metastases. Previous worit has been done utlRzing the polymerase chain reaction to amplify 
mRNA sequences unique to breast, leukemia, and other malignant cells in the circulation and enable early detedion of 
micrometastases (6.7). Recentiy, a PCR-based approach utilizing primers derived from the PSA DNA sequence was 
published (8). In this study 3/12 patients with advanced, stage D prostate cancer had detectable hematogenous mi- 

40 crometastBses. 

[0196] We have recentiy identified and cloned a 2.65 kb cDNA encoding the 1 00 kDa prostate-specifk: membrane 
antigen (PStWl) recognized by the anti-prostate monoclonal antibody 7En-C5.3 (9). PSM appears to be an integral 
membrane glycoprotein which is very highly expressed in prostatic tumors and metastases and is almost entirely prostate- 
specific (10). Many anaplastic tumors and bone metastases have variable and at times no detectable expression of 

<s PSA, whereas these lesions appear to consistentiy express high levels of PSM. Prostatic tumor cells that escape from 
the prostate gland and enter tt>e drculation are likely to have the potential to fonn metastases and are possibly ttie more 
aggressive and possibly anaplastic cells, a population of cells that may not express high levels of PSA, but may retain 
high expres^on of PSM. We therefore chose to utiHze DNA primers derived from tine sequences of both PSA and PSM 
in a PCR assay to detect micrometastatte cells in the peripheral circulation. Despite the high level of amplification and 

50 sensitivity of conventional RNA PCR, we have utilized a "nested* PCR approach in which we first amplify a target 
sequence, and subsequentiy use this PCR product as the template for another round of PCR amplification with a new 
set of primers totally contained within the sequence of the previous product This approach has enabled us to increase 
our level of detection from one prostate tumor cell per 10,000 cells to better than one cell per ten million cells. 
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Experimental Detalla 

Materials and Methods 
Cells and Reagents: 

[01971 LNCaP and MCF-7 cells were obtained from the American Type Culture Collection (Rockville. MD.)- Details 
reganJing the establishment and characteristics of these cell lines have been previously published (11,12). Cells were 
grown in RPM1 1 640 media supplemented with L-glutamine, nonessential amino acids, obtained from the MSKCC Media 
Preparation Facifity. and 5% fetal calf serum (Gibco-BRI^ Gaithersburg. MD.) in a COg Incubator at 37C. All ceil media 
was obtained frorh the MSKCC Media Preparation Facility. Routine chemical reagents were of the highest grade possible 
and were obtained from Sigma Chemical Company, St Louis, MO. 

Patient Blood Specimens 

[0198] All blood specimens used in this study were from patients seen In the outpatient offtees of urologists on staff 
at MSKCC. Two anti-coagulated (purple top) tubes per patient were obtained at the time of their ragularty scheduled 
blood draws. Specimen procurement was conducted as per the approval of the MSKCC Institutional Review Board. 
Samples were promptly brought to the laboratory for immediate processing. Serum PSA and PAP determinations were 
performed by standard techniques by the MSKCC Cfinical Chemistry Laboratory. PSA detemiinations were performed 
using Ihe Tandem PSA assay (Hybrftech. San Diego. CA). The eight blood specimens used as negative controls were 
from 2 males with normal senim PSA values and biopsy-proven BPIH, one healthy female. 3 heaKhy males, one patient 
with bladder cancer, and one patient with acute promyelocytic leukemia. 

Blood Sample Processino/RNA Extraction 

[01 99] 4 ml of whole anticoagulated venous blood was mixed with 3 ml of ice cold phosphate buffered saline and titen 
carehjily layered atop 8 ml of Rcoli (Phamnada, Uppsala, Sweden) in a 15-ml polystyrene tube. Tubes were centrifuged 
at 200 X g for 30 min. at 4C. Using a sterile pasteur pipette, the buffy coat layer (approx. 1 mi.) was carefully removed 
and rediluted up to 50 ml witt> ice cold phosphate buffered saline in a 50 ml pol^ropylene tube. This tube was then 
centrifuged at 2000 x g for 30 min at 4C. The supernatant was carefully decanted and the pellet was allowed to drip dry. 
One ml of RNazol B was then added to the pellet and total RNA was isolated as per manufacturers directions (Cinna^ 
Biotecx. Houston, TX.). RNA concentrations and purity were detemiined by UV spectroscopy on a Beckman DU 640 
spectrophotometer and by geianalysis. 

Detemiinatlon of PGR SensitlvitY 

[0200] RNA was isolated from LNCaP cells and from mixtures of LNCaP and MCF-7 cells at fixed ratios (i.e. 1:100, 
1:1000, etc) using RNAzoi B. Nested PCR was then perfonned as described below with botti PSA and PSM primers iri 
order to detemilne the limit of detection for the assay. LNCaP:MCF-7 (1:1 00.000) cDNA was diluted witii distilled water 
to obtain concentrations of 1 :1 .000.000 and 1 :1 0,000,000. MCF-7 cells were chosen because they have been previously 
tested and shown not to express PSM by PCR. 

Polymerase Chain Reaction 

[0201] The PSA cuter primers used span portions of axons 4 and 5 to yield a 486 bp PCR product and enable 
differentiation between cDNA and possible contaminating genomic DNA amplification. The upstream primer sequence 
beginning at nucleotide 494 in PSA cDNA sequence is 5*-TACCCACTGCATCAGGAACA-3' (SEQ. ID. No. 39) and the 
downstream primer at nucleotide 960 is 5'-CCTTGAAGCACACCATTACA-3' (SEQ. ID. No. 40). The PSA inner upstream 
primer (beginning at nucleotide 559) 5'-ACACAGGCCAGGTATTTCAG-3' (SEQ. ID. No. 41) and tiie downstream primer 
(at nucleotide 894) 5'-GTCCAGCGTCCAGCACACAG-3' (SEQ. ID. No. 42) yield a 355 bp PCR product. All primere 
were synthesized by the MSKCC MIcrochemistry Core Facility. 5g of total RNA was reverse-transcnTsed Into cDNA in a 
total volume of 201 using Superscript reverse transcriptase (Glbco-BRL) according to ttie manufacturers recommenda- 
tions. 11 of tills cDNA served as the starting template for the outer primer PCR reaction. The 201 PCR mix included: 
0.5U Taq polymerase (Promega Corp.. Madison. WL). Promega reaction buffer, 1 .5mM MgClj. 200M dNTPs. and 1.0M 
of each primer. This mix was then ti-ansf erred to a Peridn Elmer 9600 DNA ttiennal cycler and Incubated for 25 cycles. 
The PCR profile was as follows: 94C x 1 5 sec, 60C x 1 5 sec., and 72C for 45 sec. After 25 cycles, samples were placed 
on fee. and 11 of tiiis reaction mix served as tiie template for another round of PCR using the inner primers. The first 
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set of tubes were returned to the thermal cycler for 25 additional cycles. PSM-PCR required the selection of primer pairs 
that also spanned an intron in onier to be certain that cDNA and not genomic DNA were being amplified. Since the 
genomic DNA sequence of PSM has not yet been deteimined. this Involved trying different primer pairs until a pair was 
found that produced the expected size PGR product when cDNA was amplffied. but with no band produced from a 

5 genomic DNA template, indicating the presence of a large intron. The PSM outer primers yield a 346 bp produrt ar^^ 
the inner primers a 434 bp product The PSM outer upstream primer used . was S'-ATGGGTGTTTGGTCGTATTGACC- 
3- (SEQ ID No. 43) (beginning at nucleotide 1401) and the downstream primer (at nucleotide 2348) was 5-TGCTT- 
GGAGCATAGATGACATGC-3' (SEQ. ID. No. 44) The PSM inner upstream primer (at nucleotide 1581) was S'-ACTC- 
CTTCAAGAGCGTGGCG-3' (SEQ. ID. No. 45) and the downstream primer (at nucleotide 2015) was 5" -AACACCATC- 

io CGTCCTCGAACC-3-(SEQ. ID. No. 46). cDNA used was the same as for the PSA assay. The 501 PGR mix Included: 
1U Taq Polymerase (Promega). 250M dNTPs. lOmM -mercaptoethanol. 2mM MgGlz. and 51 of a 1 0x buffer mix con- 
taining: l66mM NH^SO^. 670mM Trfe pH 8.8. and 2 mg/ml of acetylated BSA. PGR was carried out in a Perkin Elmer 
480 DNA thermal cycler with the following parameters: 94C x 4 minutes for 1 cycle. 94C x 30 sec.. SBC x 1 minute, and 
72C x 1 minute for 25 cycles, followed by 72C x 10 minutes. Samples were then iced and 21 of this reaction ma was 

IS used as the template for another 25 cycles with a new reaction mix containing the Inner PSM primers. cDNA quality was 
verried by performing control reactions using primers derived from -actin yielding a 446 bp PGR product The upstream 
primer used was 5'-AGGCCAACCGCGAGAAGATGA^' (SEC. ID. No. 47) (exon 3) and the downstream pnmerwae 
5'-ATGTCACACTGGGGAAGC-3' (SEQ. ID. No. 48) (exon 4). The entire PSA mix and 101 of each PSM reaction mix 
were mn on 1 .5-2% agarose gels, stained with ethidlum bromide and photographed In an Eagle Eye Video Imaging 

20 System (Stratagene. Torrey Pines. CA.). Assays were repeated at least 3 times to'verify results. 

Cloning and Sequencing of PGR Products 

[0202] PGR products were cloned into the pGR 11 plasmid vector using the TA cloning system (Invltrogen). These 
ss plasmids were transfonned into competent E. coR cells using standard methods (13) and plasmid DNA wes isolated 
using Magic Minipreps (Promega) and screened by restriction analysis. TA clones were then sequenced by the dideoxy 
method (1 4) using Sequenase (U.S. BiochemicaO. 3-4g of each plasmid was denatured with NaOH and ethanol precip- 
itated Labeling reactions were carried out according to the manufacturers recommendations using sss-dATP (NEfsQ. 
and the reactions were tenninated as discussed In the same protocol. Sequencing products were then analyzed on 6% 
30 polyacrilamlde/7M urea gels mn at 1 20 watts for 2 hours. Gels were fixed for 20 minutes in 1 0% mettianoin 0% acetic 
add. transferred to Whatman 3MM paper and dried down in a vacuum dryer for 2 hours at BOG. Gels were then auto- 
radiographed at room temperature for 1 8 hours. 

Southern Analysis . 

3S 

[02031 Ettiidlum-etained agarose gels of PGR products were soakedfor IS minutesin 0.2N HGI, followed by 30minutes 
each in 0.5N NaOHAI .5M NaGI and 0. 1 M Tris pH 7.5/1 .5M NaCI. Gels were ttien equilibrated for 1 0 minutes in 1 0x SSG 
(1.5M NaGI/O.ISM Sodium GItrate. DNA was transferred onto Nytran nylon membranes (Schleicher and Schuell) by 
pressure blotting in 10x SSG with a Posl-blotter (Stratagene). DNA was cross-finked to the membrane using a UV 
40 StretaGnker (Stratagene) . Blots were pre-hybridlzed at 65G for 2 hours and subsequentiy hybridized with denatured ^P- 
labeled, random-primed cDNA probes (either PSM or PSA)(9.1S). Blots were washed hvfce In lx SSPE/0.5% SDS at 
42G and twice In 0.1 x SSPE«).S% SDS at 50G for 20 minutes each. Membranes were alr-drled and autoradiographed 
for 30 minutes to 1 hour at -70C with Kodak X-Omat film. 

<5 Experimental Results 

[0204] Our technique of PGR ampBTication with nested prbrors improved our level of detection of prostatic cells from 
approximately one prostatic cell per 10,000 MGF-7 cells to better than one cell per million MGF.7 cells, using elttier PSA 
or PSM-derived primers (figures 26 and 27). This represents a substantial improvement in our ability to detect minimal 

50 disease Gharacteristics of the 16 patients analyzed with respect to their clinical stage, treatment semm PSA and PAP 
values and results of our assay are shown In table 1 . In total. PSA-PCR detected tumor cells in 2/30 patients (6.7%). 
whereas PSM-PGR' detected cells in 19/30 patients (63.3%). There were no patients positive for tumor cells by PSA 
and not by PSM. while PSM provided 8 positive patients not detected by PSA. Patients 10 and 11 in table 1. both with 
very advanced honnone-refiactory disease were detected by both PSA and PSM. Both of these patients have died since 

ss the time these samples were obtained. Patients 4. 7. and 12. all of whom were treated with radical prostatectomies for 
cnnfcally localized disease, and an of whom have non-measurable semm PSA values 1-2 years postoperatively were 
positive for circulating prostatic tumor cells by PSM-PGR, but negative by PSA-PGR. A representative ettiidium stained 
gel photograph for PSM-PGR is shown in figure 28. Samples mn in lane A represent PGR products generated from the 
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outer primers and samples in lanes labeled B are products of inner primer pairs. The corresponding PSM Southern blot 
autoradiograph is shown in figure 29. The sensitivity of the Southern blot analysis exceeded that of ethidium staining, 
as can be seen In several samples where the outer product is not visible on figure 28, but is detectable by Southern 
blotting as shown In figure 29. In addition, sample 3 on figures 28 and 29 (patient 6 in figure 30) appears to contain both 
5 outer and tnnerbands that are smallerthan the corresponding bands in the other patients. ONA sequencing hasconfirmed 
that the nucleotide sequence of these bands matches that of PSM, with the exception of a small deletion. This may 
represent either an artifact of PCR, alternative splicing of PSM mRNA in this patient, or a PSM mutation. We have noted 
similar findings with other samples on several occasions (unpubOshed data). All samples sequenced and analyzed by 
Southern analysis have been confirmed as true positives for PSA and PSM. 

TO 

Experimental Details 

[020S] The ability to accurately stage patients with prostate cancer at the time of diagnosis is clearly of paramount 
importance in selecting appropriate therapy and in predicting iong^Jerm response to treatment, and potential cure. Pn- 

is surgical staging presentiy consists of physical examination, serum PSA and PAP determinations, and numerous imaging 
modafities including transrectal uKrasonography, CT scanning, radionuclide bone scans, and even MRI scanning. No 
present modalify, however, addresses the issue of hematogenous micrometastatic disease end the potential negative 
impact on prognosis that this may produce. Previous work has shown that only a fractional percentage of circulating 
tumor cells will inevitably go on to form a solid metastasis (16). however, the detection of and potential quantification of 

BO circulating tumor cell burden may prove valuable in more accurately staging disease. The long-term impact of hema- 
togenous micrometastatic disease must be studied by comparing the cfinical courses of patients found to have these 
cells in their circulation with patients of similar stage and treatment who test negatively. 

[0206] The significantly higher level of detection of tumor cells with PSM as compared to PSA is not surprising to us. 
since we have noted more consistent expression of PSM in prostate carcinomas of all stages and grades as compared 

ss to variable expression of PSA in more poorly differentiated and anaplastic prostate cancers. We were surprised to detect 
tumor cells in the three patients that had undergone radical prostatectomies with subsequent undetectable amounts of 
serum PSA. These patients would be considered to be surgical 'cures' t>y standard criteria, yet they apparently continue 
to harbor prostatic tumor cells. It will be interesting to follow the clinical course of these patients as ct^pared to others 
without PCR evidence of residual disease. We are presently analyzing larger numbers of patient samples in order to 

30 verify these findings and perhaps identify patients at risk for metastatic disease. 
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Fourth Series of Experiments 

2S 

EXPRESSION OF THE PROSTATE SPECIHC MEMBRANE ANTIGEN fPSM) DIMINISHES THE MITOGENIC STIM- 
ULATION OF AGGRESSIVE HUMAN PROSTATIC CARCINOMA CELLS BY TRANSFERRIN 

[0208] An association between transferrin and human prostate cancer has been suggested by several investigators. 

30 tt has been shown that the expressed prostate secretions of patients with prostate cancer are enriched with respect to 
their content of transferrin and that prostate cancer cells are rich In transfenin receptors (J. UroL 143. 3B1. 1990). 
Transfenin derived from bone man-ow has been shown to selectively stimulate the growth of aggressive prastate cancer 
cells (PNAS 89. 6 1 97. 1 992). We have previously reported the cloning of the cDNA encoding the 1 00 kOa PSM antigen 
(Cancer Res. 53. 208, 1 993). DNA sequence analysis has revealed that a portion of the coding region, from nucleoUds 

as 1 250 to 1 700 possesses a 54% homology to the human transfem'n receptor. PC-3 cells do not express PSM mRNA or 
protein and exhibit increased cell growth in response to transferrin, whereas. LNCaP prostate cancer cells whteh highly 
express PSM have a very weak response to transferrin. To detemiine whether PSM expression by prostatic cancer cells 
frnpacts upon their mltogenic response to transferrin we stably transfected the fuil-length PSM cONA Into the PC-3 
prostate cancer cells. Clones highly expressing PSM mRNA were Identified tiy Northern analysis and expression of PSM 

40 protein was verified by Westem analysis using the anti-PSM monoctonal antibody 7E1 1 -C5.3. 

[0209] We plated 2x1 0* PC-3 or PSM-transfected PC-3 ceils per well in RPMI medium supplemented with 10% fetal 
bo\^ne serum and at 24 hrs. added 1 |i,g per ml. of holotransferrin to the cells. Celts were counted at 1 day to be highly 
mito^nic to the PC-3 cells. Cells were counted at 1 day to detemnine plating efficiency and at 5 days to determine the 
effect of the transferrin. Experiments were repeated to verify the results. 

•«5 [0210] We found that the PC-3 cells experienced an average increase of 275% over controls, whereas the LNCaP 
cells were only stimulated 43%. Growth kinetics revealed that the PSM-transfected PC-3 cells grew 30% slower than 
native PC-3 cells. This data suggests that PSM expression in aggressive, metastatic human prostate cancer cells 
significantly abrogates their mltogenic response to transferrin. 

[021 1] The use of therapeutic vaccines consisting of cytokine-secreting tumor cell preparations for the treatment cf 
so established prostate cancer was investigated in the Dunning R3327-Matt.yLu rat prostatic adenocarcinoma model. Only 
IL-2 secreting, inadiated tumor cell preparations were capable of curing animals from subcutaneously established tomors, 
and engendered immunologteal memory tiiat protected the animals from another tumor chaflenge. Immunotherapy was 
less effective when tumors were induced orthotoptealiy. but nevertheless led to improved outcome, signrcantly delaying, 
and occasionally preventing recurrence of tumors after resection of the cancerous prostate. Induction of a potertt immune 
ss response in tunwr bearing animals against the nonimmunogenic MatiLyLu tumor supports the view that active immuno- 
therapy of prostate cancer may have therapeutic benefits. 
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(vl) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vni) ATTORNEY/AGENT INFORMATION: 

(A) NAME: White. John P. 

(B) REGISTFIATION NUMBER: 28.678 

(C) REFERENCE^DOCKET NUMBER: 1747/41426 

(Ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (212) 977-9550 

(B) TELEFAX: (212) 664-0525 

(C) TELEX: 422523 COOP Ul 

(2) INFORMATION FOR SEQ ID NO:1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2653 base pairs 

(B) TYPE: nudeic add 

(C) STRANOEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: oORA 
(Hi) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 
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(A) ORGANISM: Homo sapiens 
(F) TISSUE TYPE: Carcinoma 

(vH) IMMEDIATE SOURCE: 

(B) CLONE: Prostate-Specific Membrane Antigen 
(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 262..2511 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
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CTCAAAAGGG GCCGSMTTC CTTCTCCTGG ACGCAGRTST "nSCCTCrCTC TCTCGCTC35 50 

ATTGGrrCAS TSCACTCTJUS AAftCACTSCT GT3GTGGA&A AACTCSGftCCC CASGTC7GGK 120 

GCGAHTTCCA GCCTGCAGGG CTGATAAGCG ASGCATZAST GAGXTTSASA SAGA LriTA C 180 

CCCGCCCTSC TQGT7CGAGG GCGCGCAGTJk G&BCAGCAGC ACAGGCGCGG GTCCCGGOMS 240 

GCCQGCTCT8 CTCGCGCCGJV G ATG TGG JUtT CTC CTT CAC GAA ACC GAC TOG 291 

Met Txp Asn Leu Leu Kis Glu Thx Aep Ser 
X 5 ID 

GCT GTG GCC ACC GCG CGC CGC CCG CGC TSG CTG TGC GCT G36 GOG CTG 339 
Ala Val Ala Thx Ala A79 Arg Pro Arg Trp Leu Cys Ala Gly Ala Leu 
15 20 2S 

GTS CIO GCG GCT GGC TTC TTT CTC CTC G6C TTC CIC TTC G6G TGG TTT 387 
Vol reu Ala Gly Gly Phe Pbe Leu Leu Gly Fhe leu Ptte Oly Trp Plae 
30 35 40 

ATA A*A TCC TCC AAT 6AA GCT ACT AAC ATT ACT CCA AAG CAT ART ATO 435 
lie Lye Ser Ser Aaa Glu Ala Thr Asn lie Thr Pro Lys Bis Asa nee 
45 50 55 

AAA GCA TTT TTC GAT GAA TTS AAA GCT GAG AAC ATC AAG AAG TTC TTA 483 

Lye Ala Phe Leu Asp Glu Leu Lys Ala Glu Asn lie Lye Lys Phe Leu 
60 45 70 

TAT AAT TTT ACA CAG ATA CCA CAT TTA GCA GGA ACA GAA CAA AAC TTT 53X 
Tyr Asn Phe Thr Gin Zle Pro Hxs I«eu Ala Gly Thr Glu Gin Asn Phe 
75 80 85 90 

CAG err GCA AAG CAA ATT CAA TCC CAG TGG AAA GAA TTT GGC CTG GAT 579 
Gla Leu Ala Lys Gin lie Gin Ser Gin Trp Lys Glu Phe Gly Ireu Asp 
95 XOO 105 

TCT GTT GAG CTA GCA CAT TAT GAT GTC CTG TTG TCC TAC CCA AAT AAG 627 
Ser Val Glu Leu Ala His Tyr Asp Val Leu Leu Ser Tyr Pro Asa Lys 
110 115 120 

ACT CAT CCC AAC TAC ATC TCA ATA ATT AAT GAA GAT GGA AAT GAG ATT 475 
rnx Kis Pro Asn Tyr lie Ser Zle Zle Asn Glu Asp Gly Asn Glu Zle 
125 130 135 

TTC AAC ACA TCA TTA TTT GAA CCA CCT CCT CCA GGA TAT GAA AAT GTT 723 
Phe Asn Thr Ser Lieu Phe Glu Pro Pro Pro Pro Gly lyr Glu Asn Val 
140 1«5 150 

TCO GAT ATT GTA CCA CCT TTC AST GCT TTC TCT CCT CAA GGA ATS CCA 771 
Ser Aep Zle Val pro Pro Phe Ser Ala Phe Ser Pro Gla Gly Hec Pro 
155 160 165 170 



so 



ss 
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GAG GGC GAT CIA GTG TAT GTT AAC TAT GCA CGA ACT GAA CAC TTC TIT 
Glu Gly Asp Leu Val Tyr Val Asd Tyr Ala Arg Thr GXu Asp Phe ?he 
175 ISO IBS 

AAA TTS GAA CGG GAG ATG AAA ATC AAT TGC TCT GGG AAA ATT GTA ATT 
Lys I^u Glu Arg Acp Mec hys He Asn Cys Ser Gly Lye He Val lie 
190 t»S 200 

GCC AGA TAT GGG AAA GTT TTC AGA GGA AAT AAG GTT AAA AAT GCC CAS 
Ala Arg Tyx Gly Lys Val Phe Arg Gly Asa Lys Val Lys Asa Ala Gin 
205 210 215 

CTG GCA GGG GCC AAA GGA 6TC ATT CTC TAC TCC GAC CCT GCT GAC TAC 
Leu Ala Gly Ala Lyo Gly Val He Leu Tyr Ser Asp Pro Ala A«p tyr 
220 225 230 

TTT GCT CCT GGG GTG AAG TCC TAT CCA GAT GGT TGC AAT CIT CCT GOA 
Phe Ala Pro Gly Val Lys Ser Tyr Pro Asp Gly Trp Asa Leu Pro Gly 
225 2«0 245 250 

GGT GGT GTC ORG CGT GGA AAT ATC CTA AAT CTG AAT GGT GCA GGA GAC 
Gly Gly Val Gla Arg Gly Asn He Leu Asn Leu Asn Gly Ala Gly Asp 
255 260 265 

CCT CTC ACA CCA CGT TAC COk. GCA AAT GAA TAT GCT TAT AG6 CCT GGA 
Pro Leu Thr Pro Gly Tyr Pro Ala Asn Glu Tyr Ala Tyr Arg Arg Gly 
270 275 280 

ATT GCA GAC GCT GTT GGT CTT CCA ACT ATT CCT GTT CAT CCA ATT 6SA 
Zle Ala Glu Ala Val Gly Leu Pro Ser He Pro Val Ki.a Pre Zle Gly 
285 280 295 

TAC TAT GAT GCA CAG AAG CTC CTA GAA AAA ATG GST GGC TCA GCA CCA 
Tyr Tyr Asp Ala Gin Lys Leu Leu Glu Lys Mec Gly Gly Ser Ala Pro 
300 305 310 

CCA GAT ASC AGC TGG ASA GGA AST CTC AAA GTS CCC TAC AAT GTT GGA 
Pro Asp Ser Ser Trp Arg Gly Ser Leu Lys Val Pre Tyr Asn Val Gly 
315 320 325 330 

CCT GGC TTT ACT GGA AAC TTT TCT ACA CAA AAA GTC AAG ATG CAC ATC 
Pro Gly Pbe Ttix Gly Aan Ptoe Ser Thr Gla Lys Val Lys Use Kis Zle 
335 340 345 

CAC TCT ACC AAT GAA GTG ACA AGA ATT TAC AAT GTG AXA GGT ACT CTC 
Kxs Ser Thr Asn Glu Val Thr Arg Zle Tyr Asa Val Zle Gly The Leu 
350 355 360 

AGA GGA GCA GTG GAA CCA GAC AGA TAT GTC AIT CTG GGA GGT CAC CSC 
Arg Gly Ala Val Glu Pro Asp Arg Tyr Val Zle Leu Gly Gly Hi.s Arg 
365 370 373 

GAC TCA TGG GTG TTT GGT CGT ATT CAC CCT CAG AST GGA GCA CCT GTT 
Asp Ser Trp Val Phe Gly Gly Zle Asp Pro Gla Ser Sly Ala Ala Val 
380 385 390 

GTT CAT GAA ATT CTG AGG AGC TTT GGA ACA CTG AAA AAG GAA GGG TOG 

Val KiB Glu lie Val Arg Ser Phe Gly Thr Leu Lys Lys Glu Gly Trp 
395 400 405 4X0 

ASA CCT AGA AGA ACA ATT TTG TIT GCA AGC TGG GAT GCA GAA GAA TTT 

Arg Pro Arg Arg Thr lie Leu Phe Ala Ser Trp Asp Ala Glu Glu Phe 



38 



EP 0 668 777 B1 



GGT CTT CTT GGT TCT ACT GAG TGG CCA GAG GAG AAT TCA AGA CTC CTT 
Gly X/eu Leu Gly Ser Thx Glu Trp Ala Glu Glu Asn Ser Arg I>eu Leu 
430 435 440 

CAA GAG CGT GSC GTG GCT TAT ATT AAT GCT GAC TCA TCI ATA GAA GGA 
Gin Glu Arg Gly Val Ala Tyr He Asn Ala Asp Ser Ser He Glu Gly 
44S 450 4SS 

• AAC TAC ACT CTS AGA CTT GAT TGT ACA CCC CTG ATG TAC ACC TTG GTA 
Asn Tyr THr Leu Arg val Asp Cys Ttir Pro Leu Hec Tyr Ser Leu Val 

4fi0 4S5 470 

CAC AAC CTA ACA AAA GAG CTS AAA AGC CCT GAT GAA GGC TXT GAA GSC 

His Asn Leu Ttir Lys Glu Leu Lye Ser Pro Asp Glu Gly Pbe Glu Gly 
475 480 48S 490 

AAA TCT CTT TAT GAA AST TGG ACT AAA AAA ACT CCT TCC CCA GAS TTC 
Lys Ser Leu Tyr Glu Ser Trp Thr Lys Lys Ser Pro Ser Pro Glu Pbe 
495 500 505 

ACT GGC ATG CCC AGS ATA AGC AAA TTG GGA TCT GGA AAT 'GAT TTT GAG 
Ser Gly ilec Pro Arg He Ser Lys Leu Gly Ser Gly Asn Asp Ptae Glu 
510 5X5 530 

GTG TTC TTC CAA C6A CXT GGA ATT GCT TCA GGC ABA GCA CGG TAT ACT 
val Phe Pbe Gla Arg Leu Gly Zle Ala Ser Gly Arg Ala Arg Tyr TUr 
525 530 535 

AAA AAT TGG GAA ACA AAC AAA TTC AGC GGC TAT CCA CTG TKT CAC ACT 
Lys Asn Trp Glu Thr Asn Lys Phe Ser Gly Tyr Pro Leu Tyr His Ser 
S40 545 550 

GTC TAT GAA ACA TAT GAG TTG GTG GAA AAG TTT TAT GAT CCA ATG TIT 
Val Tyr Glu Thr Tyr Glu Leu Val Glu Lye Phe Tyr Asp Pro Itec Phe 
555 5fi0 565 570 

AAA TAT CAC CTC ACT GTG GCC CAG GTT CGA GGA CGG ATS GTG TTT GAG 
Lye Tyr Hxs Leu ttix V»l Ala Gin Val Az-g Gly Gly Mac Val Phe Glu 
575 580 'SaS 

CTA CCC AAT TCC ATA CTC CTC CCT TTT GAT TGT CGA GAT TAT GCT GTA 
Leu Ala Asn Ser Zle Val Leu Pro Phe Asp Cys Arg Asp Tyr Ala Val 
590 595 eOO 

GTT TTA AC3A AAG TAT GCT GAC AAA ATC TAC ACT ATT TCT ATG AAA CAT 
Val Leu Arg Lys Tyr Ala Asp Lye He Tyr Ser He Ser Het Lys Uis 
605 610 6X5 

CCA CAG GAA ATG AAS ACA TAC ACT CTA TCA TTT GAT TCA CTT TTT TCT 
Pro Gin Glu Met Lys Ttir Tyr Ser Val Ser Pbe Asp Ser Leu Phe Ser 
620 £25 630 

GCA GTA AAG AAT TTT ACA GAA ATT GCT TCC AAG TTC ACT GAC ASA CTC 
Ala Val Lys Asn Phe Thr Glu He Ala Ser Lys Phe Ser Glu Arg L«u 
£35 £40 645 650 

CAG GAC TTT GAC AAA ACC AAC CCA ATA GTA TTA AGA ATG ATG AAT GAT 

cm Asp Phe Asp Lys Ser Asn Pro He Val Leu Arg tsaz Het Asa Aep 
655 660 665 
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CAA CIC ATG TIT CTC GAA ASA GCA TTT ATT GAT CCA TTA GSG TTA CCA 2307 
Gin reu met. Phe Leu GXu Arg Ala Phe lie Asp Pro Leu Gly Leu Pro 
£70 fi75 6S0 

GAC ASG OCT TIT TAT AGG CAT GTC ATC TAT OCT CCA AOC AGC CAC AAC 22S5 
Afio Ar« Pro Pbe Tyx Arg His Val He Tyr Ala Pro Ser Ser Hxs Asn 
^ 685 6»0 «95 

AAG TAT GCA GG6 GAG TCA TTC CCA GGA ATT TAT GAT GCT CIG TTT GAT 2403 
LvB Tyr Ala Gly Glu Ser Phe Pro G2y He Tyr Asp Ala Leu Phe Asp 
•700 "^OS 710 

ATT GAA AGC AAA GTG GAC CCT TCC AAS GCC TS6 GGA GAA GTS AAG AGA 2451 
He Glu Ser Lys Val Aep Pro Ser Lys Ala Trp Gly Glu Val Lye Arg 
715 720 ■'25 730 

CAC ATT TAT GTT GCA GCC TTC ACA GTG CAC GCA GCT GCA GAS ACT TTS 2499 
Gin He Tyr Val Ala Ala Phe Thr Val Gin Ala Ala Ala Glu Thr Leu 
735 740 74S 

AST GAA GTA GCC TAAGAGGA3T CTTTASABAA TCCGTATTGA AT7T3TSTGG 2S5X 
Ser Glu Val Ala > 
750 

TArSTCACTC AGAAAGAATC GTAATGGGZA TKXTGATAAA TTTCAAAATT GGXAXAl'X'IV* 2S11 
AAATAAACrr GAATATZATA TATAAAAAAA A AAAAAAAAA AA 2fi53 

(2) INFORMATION FOR SEC ID NO:2: 
(0 SEQUENCE CHAFiACTERISTICS: 

(A) LENGTH: 750 amino adds 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

01) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 



ttec Tzp Asa Leu Leu Hxb Glu Thr Asp Ser Ala Val Ala Tbx Ala Arg 
15 10 15 

Arg Pro Arg Trp Leu Cys Ala Gly Ala Leu Val Leu Ala Gly Gly Phe 
20 25 30 

Phe Leu leu Gly Phe Leu Phe Gly Trp Phe He Lys Ser Ser Asa Glu 
3S 40 4S 

Ala Thr Asa He Thr Pro Lys Bis Asn Mec Lys Ala Phe Leu Asp Glu 
50 55 €0 

Leu Lys Ala Glu Asa Zle Lys Lys Phe Leu Tyr Asa Phe Thr 61a lie 
65 70 75 SO 

Pro Has Leu Ala Gly Thr Glu Gin Asn Phe Gla Leu Ala Lys 61a Zle 
85 90 95 

Gin Ser Gla Tzp Lys 6Iu Phe Gly Leu Asp Ser Val Glu Leu Ala His 
100 105 110 

Tyr Asp Val Leu Leu Ser Tyr Pro Asa Lys Thr Bis Pro Asn Tyr Zle 
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Ser lie lie Asn Glu Asp Gly Asn Glu Zle Phe Abu Thr Ser Leu Phe 
130 135 140 

Glu Pro Pro Pro Pro Gly Tyr Glu Asn val Ser Asp Zle Val Pro Pro 
145 150 155 1«0 

Phe Ser Ala Phe Ser Pro Gin Gly Met Pre Glu Cly Asp Leu Val Tyr 
165 170 175 

Val Asn Tyr Ala Arg Thr Glu Asp Phe Phe Lys Leu Glu Arg Asp Bsc 
180 IBS 190 

Lys lie Aen Cye Ser Gly Lye lie Val lie Ala Arg Tyr Gly Ly» V»l 
195 200 205 

Phe Arg Gly Asa Lys Val Lys Asn Ala Gin Leu Ala Gly Ala Lys- Gly 
210 215 220 

Val Zle Leu Tyr Ser Asp Pro Ala Asp Tyr Phe Ala Pro Gly Val Lye 
225 230 235 240 

Ser Tyr Pro Asp Gly Trp Asa l«u Pro Gly Gly Gly val Gla Arg Gly 
245 250 255 

Asa Zle Leu Asa Leu Asa Gly Ala Gly Asp Pro Leu Thr Pro Gly Tyr 
260 265 270 

Pro Ala Asn Glu Tyr Ala Tyr Arg Arg Gly Zle Ala Glu Ala Val Gly 
275 2 BO 285 

Leu Pro Ser Zle Pro Val His Pro Zle Gly Tyr Tyr Asp Ala Gla Lys 
290 295 300 

Leu Leu Glu Lys Met Gly Gly Ser Ala Pro Pro Asp Ser Ser Trp Arg 
305 310 315 320 

Gly Ser Leu Lys Val Pro Tyr Asa Val Gly Pro Gly Phe Tbx Gly Asa 
325 330 335 

Phe Ser Thr Gin Lys Val Lys Blet Hie Zle Kls Ser Thr Asa Glu Val 
340 345 

Thr Arg Zle Tyr Asa Val Zle Gly l»ir Leu Arg Gly Ala Val Glu Pro 
35S 360 3C5 

Asp Arg Tyr Val Zle Leu Gly Gly His Arg Asp Ser Trp Val Phe Gly 
370 375 380 

Gly Zle Asp Pro Gin Ser Gly Ala Ala Val Val His Glu Zle Val Aro 
385 390 395 400 

Ser Phe Gly Thr Leu Vye Lys Glu Gly Trp Arg Pro Arg Arg Thr Zle 
405 410 415 

Leu Phe Ala Ser Trp Asp Ala Glu Glu Phe Gly leu Leu Gly Ser Thr 
420 425 430 

Glu Trp Ala Glu Glu Asn Ser Arg Leu Leu Gla Glu Arg Gly Val Ala 

435 440 445 
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Tyr lie Asn Ala Asp: Ser Ser Z2e Clu Gly Aen Tyr Thr Leu Arg Val 
450 «55 -4£0 

Asp Cys Thr Pro leu Met Tyr Ser X<eu Val His Asn l«u Tbr l*ys Glu 
«e5 470 475 480 

Leu Lys Ser Pro Aep Glu Gly Phs Glu Gly Lys Ser Leu Tyr Glu Ser 
485 *90 495 

Trp rtix Lye Lye Ser Pro Ser Pro Glu Phe Ser Gly Mee Pro Arg He 
500 505 510 

Ser Lys Leu Gly Ser Gly Asn Asp Phe Glu Val Phe Phe Gla Arg Leu 
SIS 520 S25 

Gly lie Ala Ser Gly Arg Ala Arg lyr Thr Lys Asn Tzp Glu Thr Asn 
530 535 540 

Lys Phe Ser Gly Tyr Pro Leu Tyr Bis Ser Val Tyr Glu Ttir Tyr Glu 
545 550 555 560 

Leu Val Glu Lys Phe Tyr Asp Pro Met Phe Lys Tyr Bis X<eu Tltr Val 
565 570 575 

Ala Gin Val Axg Gly Gly ssec Val Phe Glu Leu Ala Asn Ser Zle Val 
SaO 585 590 

Leu Pro Phe Asp Cys Arg Asp Tyr Ala Val Val Leu Arg Lys Tyr Ala 
595 600 605 

Asp Lys Zle Tyr Ser Zle Ser Hec Xya ^» Gin Glu Hec Lys Thr 
610 615 620 

Tyr Ser Val Ser Phe Asp Ser Leu Phe Ser Ala Val Lys Asn Phe Ttur 
625 630 635 6«0 

Glu He Ala Ser Lys Phe Ser Glu Arg Leu Gla Asp Phe Asp Lys Ser 
645 650 655 

Asn Pro Zle Val Z<eu Arg Mee esec Asn Asp Gin Leu Hec Phe Leu Glu 
660 665 670 

Arg Ala Phe lie Asp Pro Leu Gly Leu Pro Asp Arg Pre Phe Tyr Arg 
675 680 685 

His Val Zle Tyr Ala Pro Ser Ser His Asn Lys Tyr Ala Gly Glu Ser 

690 695 700 

Phe Pro Gly Zle Tyr Asp Ala Leu Phe Asp Zle Glu Ser Ly« Val Asp 
705 710 715 720 

Pro Ser Lys Ala Trp Gly Glu Val Lys Arg Gin Zle Tyr Val Ala Ala 
725 730 735 

Phe Thr Val Gin Ala Ala Ala Glu Thr Leu Sex Glu Val Ala 

740 745 750 

(2) INFORMATION FOR SEQ ID NO:3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino adds 

(B) TYPE: amino add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 
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(H) MOLECULE TYPE: peptide 
(Hi) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISIUI: Homo sapiens 
(F) TISSUE TYPE: Carolnwna 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO:3: 



Ser X<eu Tyr 62u Ser Zaa Thr Lys 
1 S 



(2) INFORMATION FOR SEQ ID NO:4: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(B) MOLECULE TYPE: peptide 
(iiO HYPOTHETICAL: NO 
{iv) ANTI-SENSE: NO 
(vO ORIGINAL SOURCE- 

(A) ORGANISM: Homo sapiens 
(F) TISSUE TYPE: Carcinoma 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xO SEQUENCE DESCRIPTION: SEQ ID NO:4: 



Ser Tyr Pre Asp Gly Xaa Asn leu Pro Gly 61y Gly Val Gin tag 
* 5 xo xs 



(2) INFORMATION FOR SEQ ID NQ-^: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7 amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: peptide 
{no HYPOTHETICAL: NO 
(Iv) ANTI-SENSE: NO 
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(vi) ORIGINAL SOURCE 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vil) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 



Phe Tyr Aap Pro Het Phe Z.ya 
1 s 



(2) INFORMATION FOR SEQ ID NO:6: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino adds 
(B> TYPE: amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: protein 
(iiO HYPOTHETICAL: NO 
(Iv) ANTI-SENSE: NO 
(vO ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(viO IMMEDIATE SOURCE 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 



Zle Tyr Asn Val Zle 61y rttx Leu l>ys 
1 5 



(2) INFORMATION FOR SEQ ID NO:7: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acids 

(B) TYPE: amino add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(fi) MOLECULE TYPE: peptide 
(ilO HYPOTHETICAL: NO 
fiv) Aism-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
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(F) TISSUE TYPE: Carcinoma 
(vli) IMMEDIATE SOURCE 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 



Phe Leu Tyr 2aa Xaa Thr Gin Zle Pro Hie leu Ala Sly Thr Glu Gla 
15 10 15 

Aan Phe Gla z«eu Ala Lye 
20 



(2) INFORMATION FOR SEQ ID NO:8: 

(f) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino adds 
{B) TYPE: amino acid 

(C) STRANOEDNESS: double 

(D) TOPOLOGY: linear 

Oi) MOLECULE TYPE: peptide 
(ffl) HYPOTHETICAL: NO 
Civ) ANTI-SENSE: NO 
(v!) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vil) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 



Gly Val Zle Leu Tyr Ser Asp Pro Ala Asp Tyr Phe 
15 10 



Ala Pro Asp Val 



(2) INFORMATION FOR SEQ ID NO:9: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: douUs 

(D) TOPOLOGY: linear 

(II) MOLECULE TYPE: peptide 
m HYPOTHETICAL: NO 

fiv) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 
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(A) ORGANrSM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vU) IMMEDIATE SOURCE 

(B) CLONE: Prostate Specific Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NOA 

Pro val lie Leu Tyr Ser Asp Pro Al» 



(2) INFORMATION FOR SEQ ID NO:10: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IS amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(TO MOLECULE TYPE: peptide 
GIO HYPOTHETICAL- NO 
fw) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Cardnoma 

(vll) IMMEDIATE SOURCE 

(B) CLONE Prostate Specific Membrane Antigen 
(Kl) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

Ala Phe Xle Ju^ Pro Leu Gly I«u Pro Asp Arg Pro Ptoo Tyr Arg 



(2) INFORMATION FOR SEQ ID NO:1 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 9 amino acids 

(B) TYPE: ammo add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: peptide 
(HO HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vO ORIGINAL SOURCE 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 



Asp Tyr Pho Ala Pro Gly Val 
10 « 
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(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11: 



Tyx Ala Sly Glu Ser Phe Pro Gly lie Tyr Asp Ala Leu Phe Asp lie 
IS 10 IS 

61u Ser I*ys 



(2) INFORMATION FOR SEQ ID NO:12: 

(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 amino acrds 
(B> TYPE: amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(0) MOLECULE TYPE: peptide 
(HI) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vO ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinonru 

{vn) IMMEDIATE SOURCE: 

(8) CLONE: Prostate Specific Membrane Antigen 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 



Thr Xle l<eu PHe Ala Ser Tzp Asp Ala Glu Glu VbB Gly Zaa zaa Slu 
15 10 IS 

Ser mr Slu Glu Ala Glu 
20 



(2) INFORMATION FOR SEQ 10 NO:13: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 7 base pairs 

(B) TYPB nudetc add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY:nnear 

(H) MOLECULE TYPE: cONA 
(hO HYPOTHEnCAL: NO 
(Iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 
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(vii) IMMEDIATE SOURCE* 

(B) CLONE: Prostate Specific Membrane Antigen 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO:13: 
TTYTAYGAYC CNATGTT 17 
{2) INFORMATION FOR SEQ ID NO:14: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudete add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(Iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

CA) ORGANISM: Homo saplen 
(F) TISSUE TYPE: Carcinonw 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

AACATNGGRT CRTARAA 1 7 
(2) INFORMATION FOR SEQ ID NO:1S: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base palis 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: cDNA 
(HO HYPOTHETICAL: NO 
Civ) ANTI-SENSE: NO 
(VI) ORIGINAL SOURCE: 

(A) ORGANISM: Homo saplen 
(F) TISSUE TYPE: Carcinoma 

(VH) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xO SEQUENCE DESCRIPTION: SEQ ID NO:15: 

ATHTAYAAYG TNATHGG 17 
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(2) INFORMATION FOR SEQ 10 NO:16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 7 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE: cDNA 
(Hi) HYPOTHETICAL- NO 
Ov) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spectfie Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

CCDATNACRTTRTADAT 17 
(2) INFORMATION FOR SEQ ID NO:17: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(B) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(Iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(viO IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 

CCNQCNGAYT AYT7YGC 17 
(2) INFORMATION FOR SEQ ID NO:18: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 7 base pairs 

(B) TYPE: nudeic add 

(C) STiVXNDEDNESS: double 
<D) TOPOLOGY: linear 
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(H) MOLECULE TYPE: cDNA 
(ni) HYPOTHETICAL: NO 
(iv) Alsm-SENSE: NO 

(vi) ORIGINAL SOURCE: 

5 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(viO IMMEDIATE SOURCE: 

10 

(8) CLONE: Prostate Specific Membrane Antigen 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO:18: 
rs GCRAARTART CNGCNGG 1 7 

(2) INFORMATION FOR SEQ ID NO:19: 

(I) SEQUENCE CHARACTERISTICS: 

so 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEONESS: double 

(D) TOPOLOGY: linear 

as 

(if) MOLECULE TYPE: cDNA 
Oil) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

so 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vll) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Memt)rane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:t9: 

40 ACNGARCARA AYTTYCARCT 20 

(2) INFORMATION FOR SEQ ID NO:20: 
(i) SEQUENCE CHARACTERISTICS: 

45 

(A) LENGTH: 20 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEONESS: double 

(D) TOPOLOGY: linear 

so 

(li) MOLECULE TYPE: cDNA 
(HI) HYPOTHETICAL: NO 
fiv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE* 



(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 
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(VH) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID N050: 
AGYTGRAART TYTGYTCNGT 20 
(2) INFORMATION FOR SEQ ID NO:21: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 7 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(fl) MOLECULE TYPE: cDNA 
(ill) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedflc Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID N021: 

GARCARAAYT TYCARCT 1 7 
(2) INFORMATION FOR SEQ ID NO:22: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(ni) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE- 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vH) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xO SEQUENCE DESCRIPTION: SEQ ID NO:22: 

AGYTGRAART TYTGYTC 17 
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(2) INFORMATION FOR SEQ ID NO:23: 

(0 SEQUENCE CHARACTERISTICS: 

5 (A) LENGTH: 20 base pairs 

<B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

10 (n) MOLECULE TYPE: cDNA 

(Hi) HYPOTHETICAL: NO 
(Iv) A^m-SENSE: NO 
(vO ORIGINAL SOURCE: 

fS (A) ORGANISM: Homo sapien 

(F) TISSUE TYPE: Carcinoma 

(viQ IMMEDIATE SOURCE: 

20 (B) CLONE: Prostate Spedfic Membrane Antigen 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

TGGGAYGCNG ARGARTTYGG 20 

(2) INFORMATION FOR SEQ ID NO:24: 

(0 SEQUENCE CHARACTERISTICS: 

» (A) LENGTH: 20 base pains 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 
P) TOPOLOGY: linear 

35 (H) MOLECULE TYPE: CDI^ 

(nO HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 

•«o (A) ORGANISM: Homo sapien 

(F) TISSUE TYPE: Carcinoma 

(viO IMMEDIATE SOURCE: 

*s (B) CLONE: Prostate Specific Membrane Antigen 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

CCRAAYTCYT CNGCRTCCCA 20 

so 

(2) INFORMATION FOR SEQ ID N025: 
(Q SEQUENCE CHARACTERISTICS: 

ss (A) LENGTH: 1 7 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: Hnear 



EP 0 668 777 B1 



in) MOLECULE TYPE: cDNA 
(iiO HYPOTHETICAL: NO 
(Iv) ANTI-SENSE: NO 
(vi) ORfGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vO) IMMEDIATE SOURCE 

(B) CLONE: Prostate Spedftc Membrane Antigen 
(xl) SEQUENCE DESCRIPTION: SEQ ID N025: 

TGGGAYGCNG ARGARTT 17 
(2) INFORMATION FOR SEQ ID NO:26: 
(0 siEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nudefc add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: cDNA 
(Dl) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapien 
(F) TISSUE TYPE: Carcinoma 

(vii) IMMEDIATE SOURCE: 

(S) CLONE: Prostate Specific Membrane Antigen 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

AAYTCYTCNG CRTCCCA 17 

(2) INFORMATION FOR SEQ ID N027: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 7B0 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: cDNA 
(iiO HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
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TACACTTATC CCATTCGGAC ATCCCCACCT TGGAACTOGA CACCCTTACA CCCCW3GCXT 
CCCITCCTTC AACCACACCC AHNNGTXTCC ACCRCTTGAA TCTraOGAC TACCCCACAT 
TGCTCTTCAG ACCATCTCTA GCAGTGCAGC AGCCAGGCTG TTCAGCAAAA TGGATGGAGA 
CACATGCTCT GAMAGNKGTT CGAAAGGTGC GATCCAHHOT TCCTGTAAGG TNHGACNNAA 
CAAAGCAGGA GAMWKGCCA GAWTAATGGT GAAACTAGAT CTGAACAATT CCATGAAAGA 300 

3fi0 
420 



SO 
120 
180 
240 



CAGGAAGATT CTGAACATCT TCGGTGCTAT CCACGGATTT SAAGAA C CTG ATCGGTATGT 
TCTGATTGGA GCCCAGACAG ACTCCTGGGC CCCAfiGACTS eCXAAAGCTG GCACTG G AA C 

TGCTATATTO TTOGAACTTG CCCGTGTGAT CTCASACAXA. GTGAAAAACG AGGGCXACAA «80 

ACCGAGGCGA AGCATCATCT TTCCTAGCTG 6AGTGCAGGA GACTACGGAG CTGTGGGTGC 540 

TACTGAATGG CTOGAGGGGT ACTCTGCCAT GCTGCATGCC AAAGCTTTCA CTTACATCAK 600 

KGCTTGGATG CTCCAGTCCT GGGAGCAAGC CATGTCAAGA TTTCTGCCAC CCCCTTGCTS 660 

TATATCCIGC TCGGGAGTAT TATGAAGGGG GTGAACAATC CASCAGCA S T CXCAGAGASC 720 



MMNNUXC T A T AACAGACTTG GCCCAGACTG GGTAAAASCA urXUriCCrC TTGSCCTSGA 780 



(2) INFORMATION FOR SEQ ID N028: 

30 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 660 base pairs 

(B) TYPE: nudeic add 

35 (C) STRANDEONESS: double 

(D) TOPOLOGY: linear 

01) MOLECULE TYPE: cDNA 
(HI) HYPOTHETICAL: NO 
40 (iv) ANTI-SENSE: NO 

(xO SEQUENCE DESCRIPTION: SEQ ID N028: 



45 



SO. 



55 
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60 
120 
160 



TGCAGWiAaS CXATTCSAAA ACATGGAASG AAACTGTCCT CCTACTTGGA ATATASATTC 
CTCftTOTAAG CTGGAACTTT CACftGARTCA AAATGTGAAfi CTCACTGTaA ACAttTOTACT 
GftAAGAAACa ASAAXACTXA ACATCTTTS3 CGTTATZZAA GGCTATGAGG AACCAGACCS 
CTACATTGTA GTASGAGCCC AGAGAGACGC TTGGCGCCCT OSmtOTTGCS AAGTCCASTS 240 
TC5GCAACRSG TCTmCTtSTT GAAACTTGCC CAAGTATTCT CAGATATGAT TTCAAAAGAT 300 
GGATTTAGAC CCAGCAGGAC TATTATCTTr GCCAGCTOGA CTGCASGAGA CTATOGAGCT 
GTTCGTCOGA CTCSAGTGGCT GGACSGGGTAC CTTTCATCTT TBCATCTAAA GHNMGClTil, 
ACrrACATTA ATHCTCGATA AAGTCGTCCT GGOTACTAGC AACTTCAAeC TXTCTOCCAS 
CCCCCTATTA TATACACTIA TGGGGAAGAT AATCCACGAH HCGT31AAGCA TCCSAraOlMN 
lOOnTGATGG AAAATATCTA TATCGAAACA GXAATTGGAT TASCAAAATT GAGSAACTXT 
Cwi.fcv.GACAA TGCXGCKZTC CCTTTTCTTG CATATTCAGG AATCCCAGCA fel ' i ' iLX ' rAX. 'T 



3S0 
420 
480 
540 
60b 
660 



(2) INFORMATION TOR SEQ ID N029: 
(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 540 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: dDNA 
(Hi) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

TATGSAAfiGA GACTOTCCCr* CTGACTGGAA AACAGACTCT ACATGXAGGA TCGTAACCTC 60 

AGAAAGCAAG AATGTSAASC TCACTSTGAG CAATSTGCTG AAAGASAXRA AA A! ILi ' i ' A A 120 

CATCnrGGA GTXATTAAAG GCTTTCTAGA ACCAGATCAC TATGTTGTAG ITGGGGCCCA 180 

GAGAGATGCA TGGGGCCCTG GAGCTGCAAA ATCHCGGTCT AGGCACAGCT CTCCTATTSA 240 

AACTTGCCCA GATGTTCTCA GATATGGTCT TAAAAGATGG GITICAGCCC AGCAGAAGCA 300 

TTATCTTTGC CAGTTGGA6T GCTGGAGACT TTGGATCGGT TGGTGCCACT GUWTGSCTAG 360 

AGGGATACCT TTCGTC H CCT GCATTTAAAG CCTTTCACTT ATATTAATCT GGATAAAGCG 420 

€5TTCITGGTA CCAGCAACTT CAACGTXTCI GCCAGCCCSyC TSTIGTKrAC GCTtMTGAG 480 

AAAACAATCC AAAATGTGAA GCATCCCXnT ACIGGGCART TTCTATATCA GGACAGOUVC 540 

(2) INFORMATION FOR SEQ ID NO:30: 
(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 27 base pairs 
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(B) TYPE: nudelcadd 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

5 (H) MOLECULE TYPE: peptide 

(liO HYPOTHETICAL- NO 
(iv) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

10 (A) ORGANISM: Homo Sapien 

(F) TISSUE TYPE: Carcinoma 

(viO IMMEDIATE SOURCE: 

15 (B) CLONE: Prostate Specific Membrane Antigen 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:30: 

ACGGAGCAAA AC I I ICAGCT TGCAAAG 27 

(2) INFORMATION FOR SEQ ID N031: 

(1) SEQUENCE CHARACTERISTICS: 

25 (A) LENGTH: 3 amino adds 

(B) TYPE: amino acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: peptide 

(Hi) HYPOTHETICAU NO 
(iv) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 

35 (A) ORGANISM: Homo Sapien 

(F) TISSUE TYPE: CanHnoma 

(vil) IMMEDIATE SOURCE: 

40 (B) CLONE: Prostate Membrane Specific Antigen 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:31: 

^ Thr 61u Gin Afia Phe 61a Leu Ala lys 

15 



(2) INFORMATION FOR SEQ 10 NO:32: 

so (i) SEQUENCE CHARACTCRISTICS: 

(A) LENGTH: 36 base pairs 
(3) TYPE: nudeic add 
(C) STRANDEDNESS: double 
55 (D) TOPOLOGY: linear 



(il) MOLECULE TYPE: peptide 
(Til) HYPOTHETICAL: NO 
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(rv) ANTI-SENSE: NO 
(vO ORIGINAL SOURCE: 

(A) ORGANISM; Homo Sapien 
(F) TISSUE TYPE: Carcinoma 

(vH) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xO SEQUENCE DESCRIPTION: SEQ ID NO:32: 

CTCTTCGGCA TCCCAGCTTG CAAACAAAAT TGTTCT 
(2) INFORMATION FOR SEQ ID NO:33: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE; nudeic add 

(C) STRANOEONESS: double 

(D) TOPOLOGY: linear 

01) MOLECULE TYPE: peptide 
(lii) HYPOTHETICAL: NO 
Qv) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 

(A) ORGANISM: Homo Sapien 
(F) TISSUE TYPE: Carcinoma 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
(xO SEQUENCE DESCRIPTION: SEQ ID NO:33: 

AGAACAATTT TGTTTGCAAG CTGGGATGCC AAGGAG : 
(2) INFORMATION FOR SEQ ID NO:34: 
(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 amino acids 

(B) TYPE: amino acid 

(C) STRANOEONESS: double 

(D) TOPOLOGY: linear 

(fi) MOLECULE TYPE: peptide 
(iiO HYPOTHETICAL: NO 
Ov) ANTI-SENSE: NO 
(vO ORIGINAL SOURCE: 

(A) ORGANISM: Homo Sapien 
(G) CELL TYPE: Carcinoma 

(vii) IMMEDIATE SOURCE: 
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(B) CLONE: Prostate Specific Membrane Antigen 
(xO SEQUENCE DESCRIFHON: SEQ ID NO:34: 



Arg "Stir He t>eu Phe Ala Ser Trp Asp Ala Glu Glu 
IS 10 



(2) INFORMATION FOR SEO ID N035: 

10 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino adds 

(B) TYPE: amino acid 

ts (C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(H) MOLECULE TYPE: peptide 
(Hi) HYPOTHETICAL; NO 
20 fiv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo Sapien 
(G) CELL TYPE: Cardnoma 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Specific Membrane Antigen 
30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 



Asp Glu 2jeu Lys Ala Glu 
X 5 

3S 

(2) INFORMATION FOR SEQ ID NO:36: 
(I) SEQUENCE CHARACTERISTICS: 

to (A) LENGTH: 6 amino adds 

(B) TYPE: ambio acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: peptide 
pii) HYPOTHETICAL: NO 
pv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

so (A) ORGANISM: Homo Sapien 

(G) CELL TYPE: Cardnoma 

(vii) IMMEDIATE SOURCE: 

55 (B) CLONE: Prostate Spedfie Membrane Antigen 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 



58 



EP 0 SS8 777 B1 



Asn Glu Asp Giy Aan Glu 
1 5 



(2) INFORMATION FOR SEC ID NO:37: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino adds 

(B) TYPE: amino add 

(C) STRANOEDNESS: double 

(D) TOPOLOGY: linear 

(Xt) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 
(vl) ORIGINAL SOURCE: 

(A) ORGANISM: Homo Sapien 
(G) CELL TYPE: Cardnoma 

(vH) IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO:37: 



Lys Ser Pro Asp Glu Gly 



(2) INFORMATION FOR SEQ ID NOaS: 
(0 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino adds 

(B) TYPE: amino acid 

(C) STRANOEDNESS: double 

(D) TOPOLOGY: linear 

m MOLECULE TYPE: peptide 
(Hi) HYPOTHETICAL: NO 
Civ) ANTI-SENSE: NO 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo Saplen 
(G) CELL TYPE: Cardnoma 

(vIO IMMEDIATE SOURCE: 

(B) CLONE: Prostate Spedfic Membrane Antigen 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3a: 
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;tla Gly Altt t«u Val X«u Ala Gly Gly Phe Phe S<eu L«u Gly Phe L«u 
1 S 10 X5 



Claims 

1 . A nucleic acid selected from the group consisting of: 

(a) a nucleic acid which encodes a human prostate specific membrane antigen pol)^ep1ide havingttie sequence 
settorthinSEQIDNO:2; 

(b) a nucleic acid having the sequence set forth within SEQ ID NO:1 or a fragment thereof encoding an antigenic 
area to which an antibody can be generated that is specific to human prostate specific membrane antigen having 
the sequence set forth in SEQ 10 NO:2: and 

{c) a nucleic add having at least 1 5 consecutive nucleotides of ttie sequence set forth in SEQ ID NO:1 , 
or the complementary strand thereof. 

2. A nudeic acid which encodes a human prostate specific membrane antigen polypeptide having the sequence set 
forth in SEQ lO NO:2. 

3. The nucleic acid of claim 1 , wherein the antigenic area has a sequence selected from ttie group consisting of: 

(a) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID NO:35): 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID NO:36): 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NO:37): 

(d) (i) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID NO:35): (H) Asn-Glu-Asp-Qly-Asn-Glu (SEQ ID NO:36): and m Lys- 
Ser-Pro-Asp-Gtu-Gly (SEQ ID NO:37): 

(e) the outer membrane domain of said human prostate specific membrane antigen; and 

(f) a hydrophilic amino acid sequence of said human prostate ^edflc membrane antigen. 

4. The nucleic acid of claim 1 or 3. comprising nucleotides having ttie sequence set forth In SEQ ID NO: 1 . 

5. The nucleic acid of any of claims 1 to 4, wherein the nucleic add is DNA or cDNA. 

6. The nucleic add of any of claims 1 to 4, wherein the nucleic add is RNA. 

7. The nucleic add of any of daims 5 or 6. operatively linked to a promoter of RNA transcription. 

8. A vector which comprises the nucleic acid of any of claims 1 to 7. 

9. The vector of daim 8, wherein the vector is a plasmid. cosmid, bacteriophage or otiier vims. 

10. The vector of daim 9. wherein the vector Is ttie pfasmid is designated P5SA-PSM (ATCC 75294). 

11. A host vector system for the production of a polypeptide, wherein the host vector system comprises ttie vector o« 
daim 8. 9 orlO and a suitable host cell. 

12. Thehostveclorsystemofdaim11.whereintiiesultablehostcellisabaderialcell.yeastcell,lnsectcellormammalian 
cell. 

13. A method of producing a polypeptide which comprises growing the host vector system of claim 11 or 12 under 
suitable conditions permitting production of the polypeptide and recovering the polypeptide so produced. 

14. A mammalian cell which comprises the vector of daim 8. 9 or 10. 
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15. A polypeptide with the sequence of human prostate speciTic mennbrane antigen set forth in SEQ ID NO:2 or an 
antigenic area which is a hydrophilic amino acid sequence of said human prostate specific membrane antigen, 
wherein the polypeptide can be used to generate antibodies that are specific to said human prostate specific mem- 
brane antigen, 

5 provided that the antigenic area does not consist of the sequence set forth in SEQ 10 N0:3S 

1 6. The polypeptide of claim 1 5, wherein the polypeptide consists of the sequence of human prastate specific membiane 
antigen set forth in SEQ ID NO: 2 or an antigen'c area which is 8 hydrophilic amino add sequence of said human 
prostate specific membrane antigen to which antibodies can be generated that are specific to said human prostate 

10 specific membrane antigen. 

provided that the antigenic area does not consist of the sequence set forth in SEQ ID NO: 35 

17. A polypeptide with the sequence of human prostate specific membrane antigen set forth in SEC iO NO: 2. 

IS 1 8. A monodonai antibody directed against human prostate specific membrane antigen, the sequence of which antigen 
is set forth in SEQ ID NO:2. 

1 9. The monodonai antibody of claim 1 8 which binds to an antigenic area of human prostate specific membrane antigen 
selected from the groiqi consisting of: 

20 

(a) Asp-Glu-l-eu-Lys-Ala-Glu (SEQ 10 NaSS); 

(b) Asn-Glu-Asp-Giy-Asn-Glu (SEQ ID NO:36): 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NO:37): 

(d) the outer membrane domain of said human prostate specifte membrane antigen; and 
2S (e) a hydrophilic amino add sequence of said human prostate specific membrane antigen. 

20. The monoclonal antibody of claim 18 or 19, further characterized as being capable of tiinding to the surface of a 
prostate cancer cell. 

30 21 . A composition comprising the monoclonal antibody of any of claims 19 to 20. 

22. TTie composition of daim 21 , furtiier comprising an agent conjugated to the antibody. 

23. The composition of daim 22, wherein the agent is an imaging agent, a therapeutic agent, a toxin or a cytotoxic agent 

35 

24. The composition of any one of claims 21 to 23 comprising a pharmaceutically acceptable carrier. 

25. The composition of claim 21 , which is a phamnaceutical composition comprising a pharmaceutically acceptable 
carrier. 

40 

26. The monoclonal antibody of any of claims 1 8 to 20. or a composition of any of claims 21 to 25. for use in prostate 
cancer therapy or diagnosis. 

27. Use of a monoclonal antibody of any of daims 1B to 20 or the composition of any one of daims 21 to 23 for the 
45 manufacture of a phannaceutical composition for treating prostate cancer in a human patient 

28. Use of a composition of any one of claims 21 to 25 for the preparation of a diagnostic composition for imaging 
prostate cancer in a subjed. 

so 29. An immunoassay for measuring the amount of human prostate specific membrane antigen in a biological sample 
comprising the steps of: 

(a) contacting tiie biological samples witii at least one monoclonal antibody of any one of claims 1 8 to 20 or the 
composition of claim 22 or 23 to form a complex between said antibody and any human prostate specific 

S5 membrane antigen present in the sample, and 

(b) measuring the amount of the human prostate specific membrane antigen in said complex, so as to thereby 
measure the amount of human prostate specific membrane antigen in said biological sample. 
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30. Use of a labelled nucleic add of daim 1 (c) for the preparation of a diagnostic composition for detecting expression 
of a human prostate spedfic membrane antigen in a cell or tissue section in a sample. 

31. The use of claim 30. wherein the sample is blood, lymph nodes or bone marrow. 
Patentanspruche 

1. NudeinsSure, ausgewShft aus der Gruppe bestehend aus: 

(a) einer Nucleinsdure, die ein menschliches Prostata-spezifisches Membranantigen-Potypeptid mit der in SEQ 
ID NO:2 gezeigten Sequenz codiert; 

(b) einer NuclelnsSure mIt der In SEQ ID NO:1 gezeigten Sequenz oder eIn Fragment davon, das einen anti- 
genischen Bereich codiert, gegen den ein AntikSrpererzeugt werden kann, der spezifisch gegen menschliches 
Prostata-speziHsches Membran antigen mtt der in SEQ 10 NO:2 gezeigten Sequenz ist; und 

(c) einer NudeinsSure mtt mlndestens 15 aufeinanderfolgenden Nucleotiden der in SEQ 10 NO: 1 gezeigten 
Sequenz. 

Oder der komplementare Strang davon. 

2. NudeinsSure, die ein menschliches Prostata-spezifisches Membranantigen-Polypeptid mit der in SEQ iO NO:2 
gezeigten Sequenz codiert 

3. Nudeinsaure nach Anspruch 1, wobei der antigenische Bereich eine Sequenz hat, ausgewShlt aus der Gruppe 
bestehend aus: 

(a) Asp-Glu-L^u-Lys-Ala-Glu (SEQ ID NO:3S): 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID NO:36); 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NQ:37); 

(d) (1) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID NO:35): 

(ii) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID NO:36); und 
Oil) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NO:37); 

(e) der iuBeren Membrandom&ne des menschlichen Prostata-spezifischen Membranantigens: und 

(f) einer hydrophilen AminosSuresequenz des menschlichen Prostata-spezifischen Membranantigens. 

4. NudeinsSure nach Anspruch 1 oder 3, umfassend Nudeotide mit der in SEQ ID NO: 1 gezeigten Sequenz. 

5. NudeinsSure nach einem der Ansprilche 1 bis 4, wobei die NudeinsSure DNA oder cONA fsL 

6. NudeinsSure nach einem der Ansprflche 1 bis 4. wobei die NudeinsSure RNA ist 

7. NudeinsSure nach Anspruch 5 oder 6, die funktionetl mit einem Promoter der RNA-Transkr^on verbunden ist 

8. Vektor, umfassend die NudeinsSure nach einem der AnsprOche 1 bis 7. 

9. Veldor nach Anspruch B, wobei der Vektor ein Plasmid, Cosmid. Bakteriophage oder ein anderes Virus ist 

10. Vektor nach Anspruch 9. wobei der Vektor das Plasmid ist. das als P55A-PSM (ATCC 75294) bezeichnet ist 

11. WIrt-Vektorsystem zur t-ierstellung eines Polypeptids. wobei das Win-Vektorsystem den Vektor nach einem der 
AnsprOche 8 bis 10 und eine geeignete Wirtszelle umfaBt 

12. Wirt-Vektorsystem nach Anspruch 1 1, wobei die geeignete Wirtszelle eine Bakterienzelle, Hefezelle, Insektenzelle 
Oder SSugerzelle ist 

13. Verfahren zur Hersteilung eines Polypeptids, umfassend das ZQchten das Wirt-Vektorsystems nach Anspruch 1 1 
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Oder 12 unter geeigneten Bedingungen. welche die Herstellung des Polypeptids ertauben, und das Emten des so 
hergestellten Poiypeptids. 

14. Siugerzeile, die den Vektor nach einem der AnsprQche 8 bis 10 umfaBt 

15. Polypeptid mit der in SEQ ID NO:2 gezeigten Sequenz des menschlichen Prostata-speziflschen Membranantrgens 
Oder ein antigenischer Bereich, der eine hydrophile Aminosiuresequenz des menschlichen Prostata-spezifischen 
Membranantigens ist, wobei das Polypeptid verwendet werden Itann, urn Antik6rper zu eizeugen, die spezlfisch 
gegen das menschlicha Prostata-spezifische Membranantigen sindL 

mit der MaOgabe, dass der antigenische Bereich nicht aus der in SEQ ID NO:35 gezeigten Sequenz besteht 

16. Polypeptid nach Anspruch 15. wobei das Polypeptid aus der in SEQ ID NO:2 gezeigten Sequenz von menschitchem 
Prostata-spezifischen Membranantigen besteht oder einem antigenlschen Bereich, derelne hydrophile MiinosSu- 
resequenz von menschlichem Prostata-spezifischen Membranantigen ist, gegen den Antikdrper eczeugt weiden 
kOnnen. die spezlfisch gegen menschlfches Prostata-spezifisches Membranantigen sbid, 

mit der MaBgabe. dass der antigenische Bereich nicht aus der In SEQ ID NO:35 gezeigten Sequenz besteht 

17. Polypeptid mit der in SEQ ID NO:2 gezeigten Sequenz menschlichen Prostata-spezifischen Membranantigens. 

18. Monoclonaler Antikorper, der gegen menschliches Prostata-spezifisches Membranantigen gerichtet is^ wobei die 
Sequenz des Antigens in SEQ ID NO:2 gezeigt ist 

19. Monoclonaler Antlk5rper nach Anspmch 18, der an einen antlgenischen Berefch des menschlichen Prostata-spe- 
zifischen Membranantigens bindet. ausgewShlt aus der Gruppe bestehend aus: 

(a) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID NO:35); 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID NO:36); 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID NO:37): 

(d) der iuBeren Membrandomane des menschlichen Prostata-spezifischen Membranantigens; und 

(e) einer hydrophilen AminosSuresequenz des menschlichen Prostata-spezifischen Membranantigens. 

20. Monoclonaler Antikdrper nach Anspnjch 18 oder 19. zus§tzlich dadurch gekennzeichnet. dass er an die C»er- 
flSche einer Prostatakrebszelle binden kann. 

21. Zuseimmensetzung, umfassend den monoclonalen Antikfirper nach Anspruch 19 oder 20. 

22. Zusammensetzung nach Anspmch 21, zusStzfich umfassend einen an den AntikSrper konjugierten Wirkstoff. 

23. Zusammensetzung nach Anspmch 22. wobei der Wirkstoff ein zur Darstellung geeigheter Wirkstoff, ein therapeu- 
tischer Wirkstoff, ein Toxin oder ein cytotoxischer Wirkstoff ist 

24. Zusammensetzung nach einem der AnsprQche 21 bis 23, umfassend einen pharmazeutlsch vertrSglfchen TrSger. 

25. Zusammensetzung nach Anspruch 21 , die eine pharmazeutische Zusammensetzung ist, umfassend einen phar- 
mazeutisch vertrfigltehen TrAger. 

26. Monoclonaler Antikdrper nach einem der AnsprQche 1 8 bis 20 oder eine Zusammensetzung nach einem der An- 
sprQche 21 bis 25 zur Venwendung in der Prostatakrebstherapie oder -diagnose. 

27. Venvendung eines monoclonalen Antikorpers nach einem der AnsprQche 18 bis 20 oder der Zusammensetzung 
nach einem der AnsprQche 21 bis 23 fQr die Herstellung eines Arzneimittels zur Behandlung von Pfostatakrebs in 
einem menschlichem Patienten. 

28. Venvendung einer Zusammensetzung nach einem der AnsprQche 21 bis 25 fOr die Herstellung eines Diagnostikums 
zur Darstellung von Prostatakrebs in einem Subjekt 

29. Immunassay zum Messen der Menge an menschlichem Prostata-spezifischen Membransmtigen in einer biologl- 
schen Probe, umfassend die Schritte: 
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(a) Inkontaktbringen der biologischen Probe mit mindestens einem monoclonalen AntikSrper nach einem der 
AnsprOche 1 B bis 20 Oder der Zusammensetzung nach Anspruch 22 Oder 23, um einen Kompiex zwischen dem 
Antik6rper und einem menschlichen Prostata-spezifischen Membranantigen. das In der Probe vorhanden ist, 
zu t)ilden; und 

5 (b) Messen der Menge des menschlichen Prostata-spezifischen Membransuittgens in dem Kompiex, so dass 

dadurch die Menge an menschlichem Prostata-spezifischen Membranantigen in der biologischen Pn^e ge- 
messen wird. 



30. Verwendung einer markierten Nucleinsaure nach Anspruch 1 (c) fOr die Herstellung eines Diagnostiicums zum Nach- 
weisen der Expression eines menschlichen Prostata-spezifischen Membranantigens in einer Zelle Oder in einem 
Gewebeschnitt In einer Probe. 

31. Verwendung nach Anspruch 30, wobei die Probe Blut. Lymphioioten Oder Knochenmark Ist. 
Revendlcatlons 

1 . Adde nuciSlque choisi dans le groups constltu6 par : 

(a) un acide nucl^ique qui code pour un polypeptide antigSnique membranaire sp^fique de la prostate humaine 
ayant la sequence donnee dans SEQ ID N": 2 ; 

(b) un acide nucliique ayant la s^uenee donnee dans SEQ lO N" : 1 ou un fragment de celle-ci codant pour 
une zone antig^nique centre laqueile un antlcorps qui est spSciTique de Tantig^ne membranaire sp6cifique de 
la prostate humaine ayant la sequence donnSe dans SEQ 10 N" : 2 peut Stre g6n6T6 ; et 

(c) un adde nuciSique ayant au moins 15 nucleotides cons6cutifs de la sequence donnee dans SEQ ID N" : 1, 

ou le brin compldmentaire de celui-d. 

2. Acide nucl^ique qui code pour un polypeptide antigdnique membranaire sp&:{fique de la prostate humaine ayant 
la sequence donnee dans SEQ ID N" : 2. 

3. Acide nud^ique selon la revendication 1 , dans lequel la zone antig^nique a une sequence choisie dans le groupe 
constltu^ par : 

(a) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID N* : 35) ; 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID N' : 36) ; 

(c) Lys-Ser-Pro-Asp-Glu-Giy (SEQ ID N« : 37) ; 

(d) (I) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID N» : 35) ; (il) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID N- : 36) : et 011) Lys- 
Ser-Pro-Asp-Glu-Gly (SEQ ID N- : 37) : 

(e) le domaine membranaire externa dudtt antig6ne membranaire spteifique de la prostate humaine ; et 

(f) une sequence d'acides aminds hydrophile dudit antig^ne membranaire spdcifique de la prostate humaine. 

4. Acide nucldique selon la revendication 1 ou 3, comprenant des nudSotides ayant la sequence donnde dans SEQ 
IDN-: 1. 

5. Adde nucl^ique selon I'une quelconque des revendlcatlons 1^4, Tacide nucldique 6tant de TADN ou de PADNc. 

6. Adde nudiique selon Pune quelconque des revendications 16 4, Pacide nucldique Stent de TARN. 

7. Adde nuclSique selon I'une quelconque des revendications 5 et 6, fonctionneliement Ii6 k un promoteur de la 
transcription d'ARN. 

8. Vecteur qui oomprend Tacide nudSique selon I'une quelconque des revencScations 1 & 7. 

9. Vecteur selon la revendication 8, le vecteur dtant un plasmide, un cosmide, un bacteriophage ou un autre virus. 

10. Vecteur selon la revendication 9, le vecteur dtant le plasmide d^ignS P55A-PSM (ATCC 75294). 
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11. Systfeme h6te-vecteur pour la production rfun polypeptide, le systfeme hote-vecteur comprenant le vecteur salon la 
revendication 8, 9 ou 10 et une cellule h6te appropriSe. 

12- Systfeme hOte-veaeur selon la revendication 11, dans lequel la cellule hSte appropri6e est une cellule bactdrienne, 
una cellule de levure. une cellule d'insecte ou une cellule de mammiffere. 

13. Proc6d6 de production d'un polypeptide qui comprend la culture du systfeme h6te-vecteur selon la revendication 
1 1 ou 1 2 dans des conditions appropri^es pemiettant la production du polypeptide et la recuperation du polvDeDtide 
BinsiproduiL 7k k 

14. Cellule de mammiffere qui comprend le vecteur selon la revendication 8, 9 ou 10. 

15. Polypeptide ayant la sequence d*antig6ne membranaire specKique de la prostate humaine donnSe dans SEQ ID 
N' : 2 ou une zone antig6nique qui est une sequence d'acides amin6s hydrophile dudlt antig6ne membranaire 
sp6crique de la prostate humaine. ie polypeptide pouvant etre utilise pour g6n6rer des anticorps quisontspteifiques 
dudit antigene membranaire sp6cifique de le prostate humaine, 

a condition que la zone antig6nique ne consiste pas en la sequence donn6e dans SEQ ID N' : 35. 

16. Polypeptide selon la revendication 15. le polypeptide consistanten la sequence d'antigfene membranaire spfidfique 
de la prostate humaine donn6e dans SEQ ID N" : 2 ou une zone antig6nique qui est une sequence d'acides aminds 
hydrophile dudit antigfene membranaire specifique de la prostate humaine contre lequel des anticorps qui sont 
specifiques dudlt antigfene membranaire specifique de la prostate humaine peuvent §tre genSres, 

& condition que la zone antigSnique ne consiste pas en la sequence donnee dans SEQ ID N' : 35. 

1 7. Polypeptide avec la sequence tfantigene membranaire specifique de la prostate humaine donnee dans SEQ ID N" : 2. 

1 8. Anticorps monoclonal dirige contre un antigene mentbranalre speciTique de la prostate humaine, la sequence duquel 
antigene etant donnee dans SEQ ID N* : 2. 

1 9. Anticorps monoclonal selon la revendication 1 8 qui se lie e une zone antigenique d'antigfene membranaire spedfique 
de la prostate humaine choiste dans le groupe constltue par: 

(a) Asp-Glu-Leu-Lys-Ala-Glu (SEQ ID IM" : 35) : 

(b) Asn-Glu-Asp-Gly-Asn-Glu (SEQ ID N" : 36) ; 

(c) Lys-Ser-Pro-Asp-Glu-Gly (SEQ ID N» : 37) ; 

(d) le domalne membranaire externa dudlt antigfene membranaire spedfique de la prostate humaine ; et 

(e) une sequence d'acides amines hydrophile dudit antigfene membranaire specifique de la prostate humaine. 

20. Anticorps monoclonal selon le revendication 18 ou 19. earacterise en outre en ee qu'U est susceptible de se fier 
fe la surface d'une cellule canoereuse de la prostate. 

21. Composition comprenant I'anticorps monoclonal selon I'une quelconque des revendlcations 19 fe 20. 

22. Composition selon la revendication 21 , comprenant en outre un agent conjugue fe I'anticorps. 

23. Composition selon la revendication 22, dans iaquelle regent est un agent d'imagerie, un agent therapeutique. une 
toxine ou un agent cytotoxique. 

24. Composition selon Pune quelconque des revendlcations 21 fe 23. comprenant un vehicule pharmaceutiquement 



25. Composition selon la revendication 21, qui est une composition phamiaceutique comprenant un vehicule pharma- 
ceutiquement acceptable. 

2S. Anticorps monodonal selon Pune quelconque des revendlcations 18 fe 20, ou composition selon Pune quelconque 
des revendlcations 21 k 25, pour une utilisation dans la therapie ou le diagnostic du cancer de la prostate. 

27. Utilisation d'un anticorps monoclonal selon Pune quelconque des revendlcations 1 8 & 20 ou d'une compodtion selon 
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rune quelconque des revendications 21 a 23 pour la fabrication d'une composition phamwceutique destin^e itrafter 
un cancer de la prostate chez un patient humain. 

28. Utilisation d'une composition selon I'une quelconque des revendications 21 i 25 pour la preparation efune compo- 
sition diagnostique pour I'imagerie d'lih cancer de la prostate chez un sujet 

29. Dosage immunologique pour mesurer la quantitd d^antigfene membranaire spfidfique de la prostate humaine dans 

un 6chantillon biologique comprenant les Stapes de : 

(a) mise en contact des 6chantillons biologiques avec au molns un anticorps monoclonal selon Tune quelconque 
des revehdlcations 1 8 a 20 ou une composition selon la revendication 22 ou 23 pour fbnmer un ccmiplexe entre 
ledtt antteorps et tout antigfene membranaire specifique de la prostate humaine present dans Pfichantnion, at 

(b) mesure de la quantity d'antlgfene membranaire specifique de la prostate humane dans ledit complexe. ds 
manifere A mesurer ainsi la quantltd d-antigfene membranaire spScifique de la prostate humaine dans ledtt 
Schantillon biologique. 

30. Utilisation d-un acide nuddique rnarqu* selon la revendication 1(c) pour la preparation d'une composition diagnos- 
' tique destln6e & d6tecter r expression d'un antlgfene membranaire spSclflque de la prostate humaine dans une cellule 

ou une coupe tissulaire dans un Schantillon. ^ 

31. UtiHsation selon la revendication 30, dans laquelle I'fichantillon est du sang, des gangfions lymphatiques ou de la 
moelle o 
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FIGURE 3A FIGURE 3B 




FIGURE 3C FIGURE 3D 
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FIGURE 5 
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FIGURE 6A FIGURE 6B 
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FIGURE 7 
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FIGURE 8 
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FIGURE 9 
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FIGURE 
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FIGURE 12A FIGURE 12B 
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FIGURE 13 
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